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FOREWORD

This document presents the results of a Contract Study (NAS3-22347), (Reference 1),

for the National Aeronautics and Space Administration (NASA) by Douglas

Aircraft Company McDonnell Douglas Corporation. This work is part of the

prop-fan program in the overall Aircraf Energy Efficiency (ACEE) program of

which Max Klotzsche is the Douglas Program Manager. The Douglas Project

Manager of the Advanced Turboprop Projects is Irene M. Go].dsmith.The NASA

technical monitor fo: the contract is Brent A Miller, Project Engineer of the

Advanced Turboprop Project Office of NASA Lewis Research Center. The overall

direction and coordination of the Advanced Turboprop Program (ACEs) is provided

by NASA Lewis Pesearch Center.

The following Douglas personnel from the key engineering discipline groups have

made major contributions to this study:

H. R. Welge	 Unit Chief - Advanced Aircraft Design - Aerodynamics

R. W. Hahn	 Section Chief - Advanced Ai rcraft Design - Performance

R. E. Adkisson	 Section Chief - Design - Structural Advanced Design

R. E. Pearson	 Dynamics Structural Mechanics

F. S. La Mar	 Project Engineer - Power Plant

R. G. Sandoval	 Project Engineer - Power Plant

D. E. Delaney	 Acoustic Design Requirements

B. W. Kimoto	 Advanced Weight Engineering

M. M. Platte	 Branch Chief - Technology - Systems Analysis

R. A. Wright	 Unit Chief - Technology - Configuration Design

W. E. Bachand	 Director/Flight Test

S. G. Furniss	 Flight Test

Subcontractors to Douglas Aircraft an the study are as follows:

Prop-fan and Prop-far Controls - Hamilton Standard, Windsor Locks, Conn.,

Principal contacts: W. M. Adamson & B. Z. Catzen

Turboshaft Engine s Gearbox and Controls - Detroit Diesel Allison,

Indianapolis, Indiana

Principal contact: P. Stolp
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ADVANCED TURBOPROP TESTBED SYSTEMS STUDY

SUMMARY

The work performed by Douglas Aircraft Company, under Contract No. NAS3-22347

(Reference 1) with NASA Lewis Research Ceflter is summarized herein and concerns

the evaluation and recommendations of a testbed approach to the proof of

concept, feasibility, rnd verification of the advanced prop-fan and of the

integrated advanced prop-fan aircraft. All previous study work throughout the

industry on the prop-fan concept has shown a definite fuel saving for the

prop-fan aircraft as compared to the :vb*t.n aircraft. These analytical

comparisons show a 16 percent to 38 p . ca3 1: fuel savings of the prop-fan over

the current turbofan engine powered 1rcr41f as compared to an advanced

technology turbofan ..ngine compatible with a 1990 to 1995 operation, the

prop-fan shows a definite advantage of at least 15 percent fuel savings. The

decreasing availability and the rapid escaltion of price of fossil fuel have

made industry increasingly desirous of having this fuel economy available from

the prop-fan in actua]. operation.

In Phase 1 (FY 1978 through 1980) of the NASA Advanced Turboprop (AT?) ?rogram,

a fundamental data base on small scale prop-fan models was developed and the

feasibility of the high speed (Mach 0.70 to 080) prop-faa was established.

Thn next follow-on step in the prop-fan development is to provide proof-of-

concept by large scale testbed research and demonstration. The proof of the

prop-fan itself is the key to the success of tne prop-fan aircraft; therefore,

proof of full scale prop-fan structural integrity, acceptable noise levels, and

performance are the first priority items in the testbed program. This study

reported herein provides the necessary survey, planning, and early preliminary

aircraft design information associated with the initiation and continuation of

a suitable large scale prop-fan testbed program. Compliance with an expedited

schedule necessitates that the testbed aircraft/engine/prop-fan/controls

consider existing hardware.
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The faceta 
of 

the overall testbed problem included in this study are the

objectives and priorities of the testbed program; survey and selection of

candidate propeller drive systems; selection of a satisfactory aircraft from

candidate aircraft, for the testbed; proposed testbed systems evaluation and

recommendtiong; conceptual drsign of a testbed; ROM cobts; preliminary tcstbed

flight progrtm; and survey of wind tunnel facilities suitable for large scale

prop-fan and prop-fan aircraft testing,

The Douglas study considers the DC-9-10 (or -30) as the testbed aircraft.

Throughout, the Hamilton Standard SR-3 design type prop-fan is selected; the

actual design of the testbed large scale prop-fan will he designated as SR-7,

but is expected to have the design and performance characteristics similar to

the existing SR-3. In the iniitial phase of the study, the Allison T701, the

Allison Th6, ar' the General Electric T64 turboshaft engines are compared as to

the feasibility of each type as a drive system for the prop-fan testbed. One

and two prop-fan nacelles are considered for the testbed arrangement. Since

the unmodified DC-9 aircraft emoennage is capable of satisfactory flight with

the asymmetric configuration, one wing-mounted prop-fan nacelle configuration

18 considered as a less costly version of the testbed. However, since the two

nacelle prop-fan arrangement is more daairable from the Contractor's paint of

view, It is considered as the primary arrangement

For this proposed testhed aircraft concept, the major modification to the

aircraft is design and mounting of the wing-mounted prop-fan nacelles. The

arrangement considered In this study is a simple, primary structure, monocoque

nacelle mounted at four points to the wing front and aft spar. Such an

arrangement permits a well forward 1oct1on of the prop-fan relative to the

wing leading edge, provides case of mainnienance (as tiiC propulsion system

components may be removed from the nacelle in a modular fashion without

Interference with che wing basic structure or fuel tankage) and results in an

integrated prop-fan arrangement having a desired excitation factor.

2



General conclusions from the study are:

o A prop-fan testbtd aircraft program is definitely feasible and

necessary for verification of pro p-f an/ engine/ nacalle/aircraft

integration.

o	 The DC-9 aircraft is a particularly desirable testbed aircraft since

o	 it requires no configuration modification except the addition

of the wing-mounted prop-fan nace11n(s);

o	 all facets of the DC-9 are know to Douglas and, thus, the

installation of the prop-fan can be efficiently accomplished;

o	 the aircraft is a commercial aircraft and a desirable size

from the airline's point of view.

o	 Of the currently available turboshaft engines the Allison T701 is

most suitable as a propulsor for the prop-fan aircraft testbed.

o	 Modification of existing engine and propeller controls is adequate for

the prop-fart testbed.

o The airframer is considered the logical systems integrator of the

teatbed program; full cooperation of the prop-fan manufacturer, the

engine and gearbox manufacturer, hnd the airfrarner is required to

accomplish a successfully expedited testbed ready for flight in 1986.

o Flight test is essential fot establishing the necessary proof-of-

con'nt, valid eva1uation and confidence in prop-fan itself and the

proper integration into a prop-fan aircrrtft.

o	 Large scale wind tunnel testing will not provide adequate results for

validation of the prop-fan as integrated into an aircraft.

3



o Sub-scale wind tunnel testing is feasible for exploration and

parametric evaluation required in establishing the basic

coniigurratton assessments necessary in selecting n suitable or "near

optimum" integrated testbed aircraft arrangement.

o Opposite rotation (both prop-fans rotating inboard and upward toward

the fuselage) is shown to be advantageous from the performance and

acoustic points of view; continued analysis and design work is

warranted.

o Synchrophnstng of tbe prop-fans is necessary for establishing

satisfactory acoustic performance in the case of the two prop-fan

nacelle configuration.

o The OC-9-I0 testbed aircraft provides suitable configuration for

measurement during flight of prop-fan near field and far field

acoustic characteristics since the basic JTSD turbofan engines in the

DE-9-10, operated in conjunction with the prop-fan propulsion system

do not generate background noise which will interfere with valid

measurement of the prop-fan acoustic characteristics.

4



ADVANCED TURBOPROP TESTEED SYSTEMS STUDY

INTRODUCTION

The ongoing reduction In fossil fuel availability and the associated rapid

increase in fuel price have been prime reasons for the acceleration of research

associated with development of an advanced aircraft propulsion system which is

highly fuel efficient. The Advanced Turboprop Program (Prop-fan), a part of

the NASA Aircraft Energy Efficient Prograin (ACRE), is such a research effort

which has been underway for several years. The key element of the system, the

prop-fan, has been under development by NASA Lewis and Hamilton Standard for

quite some time (Reference 2). Results oi prop-fan aircraft evaluation studies

throughout the industry have consistently shown the prop- fan...powered aircraft

to be definitely competitive to the turbofan powered aircraft and to provide

the desired fuel savings of 16 percent to 38 percent over current medium range

aircraft The comparative results of ana1yica1 parametric studies and small

scale wind tunnel tests to date have all been positive and show definite

promise for the prop-fan aircraft. The logical next step in the development of

a prop-fan aircraft is the ground and flight testing of a pr'tica1 integrated

research aircraft.

The study results of this Advanced Turboprop Testbed Systems Study, performed

under NASA Lewis Contract No. NAS3-22347 by Douglas Aircraft Company, are

summarized herein. These study results encompass the preliminary planning

concerned with the selection of a suitable aircraft and tastbed configuration

for verification, demonstration, and measurement of

•	 structural integrity, acoustic, and performance characteristics

of the prop-fan

•	 integration aspects of the engine/prop-fan/nacelle/aircraft;

•	 prop-fan interference effects on the overall aircraft

installation from the points of view of aerodynamics, sLructures

(including sonic fatigue, flutter, and vibration), acoustics and

propulsion;

•	 preliminary design of the suitable testbed configuration.

5



Wind tunnel testing and flight testing of the testbed configurations are taken

into consideration; and ROM costing and preliminary scheduling are included.

The Douglas study is performed with Hamilton Standard and Detroit Diesel

Allison as subcontractors, respectively, on the prop-fan characteristics

(design, installation, operation performance) and on the engine (hardware,

installation, performance). Both subcontractors are highly concerned with the

efficient integration of the overall propulsion system.

As this contract study progressed, the emphasis or primary direction of the

study evolved in accordance with the pertinent engineering results. These

changes of direction of the contracted study were done in agreement with the

NASA Lewis Project Manager. The chronological variations in the study

investigation are noted as follows. First, as per the original contract, the

study parametrics included

•	 one selected testbed aircraft configuration;

•	 two candidate prop-fan propulsion system designs;

(engine/gearbox plus prop-fan);

•	 one prop-fan nacelle installation.

Second, as the prop-fan propulsion systems investigation showed definite

superiority of one over the other, the study emphasis changed to

o	 one selected testbed aircraft configuration;

o	 one prop-fan propulsion system design;

o	 one and two prop-fan nacelle installations.

Third, further investigation resulted in the evolution to the following set of

configuration conditions

o	 one selected testbed aircraft configuration;

o	 one prop-fan propulsion system design;

o	 two prop-fan nacelle installations.

The study results summarized herein are concerned with the Douglas DC-9

aircraft modified as a prop-fan testbed by the addition of an appropriate

pr )p-fan/engine/nacelle installation on the aircraft as shown in Figures 1 and

2. The use of the Douglas DC-9 in a flight research program provides a

6
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a potential for n follow-on, powered flight research demonstratioii. prograi at

minirnuni cost. Since the existing DC-9 empennage Is capable of handling theu
asymmetrical configuration (Figure 1) from the stability and control points of

view s the single prop-fan nacelle is proposed as the initial testbed
L'onfigurntlon in du'fcronce to n low cost. As the study progressed tlw two
engine prop-fan configuration Is taken into account and Is discussed herein.
Three Lurboshafc en1nes - the Allison T56, the Allison T701 ruid the Genera)
Electric Th4 - are considered in the cnn ler portion of the study. The G. E.
Tb4, jis prcsentvd by G.E. in the initial part of the stidy, is found to bc.1

non-(n)etitive; the T701 with the free turbine design is shown to be
advanlgeous for thv prop-fan installation and thus is selected over the T56

single shaft turbosbnft engine. At this point in t irnc concerted effort is

5 pen t an the T701 eng Ene insta llation and an both the one prop-fan nacelle and

nn the two prop-fan nacelle t es tbed configurations.

It is to he omphastod that no detal 1 is includcd in this pisnt contract

stud y relative in tht'

•	 Inlet (opt tiii'at ton, Siving,

•	 inlet intern1 contours;

o	 inlel itudav y bleed requirements;

o	 nozzle exit;

o	 oil ranier lnic't

This work is very titl e ossa ry for det a 11 od de fin 1 t lan of the wel -lntegrated

testbed configuration; however, it is beyond the scope of the present eon mac t

Tho inlet/exit configuration cosidered in tliis study is zn appropriate

preliminary estimate; otlwr aspects of the detail of prop-fan/engine

instal tat tons will he considered as part of a follow-an tnstbed work.

Thc study results are presented in terms of the following seven technical tasks

Task 1	 - Recommended Testhed Program Objectives and Priorities

Task 11	 Candidate Propeller Drive Systems

8



Task 111

Task IV

Task V

Task vi:

Task VII

- Candidate Tcstbed Aircraft

- Testbed System Evaluation and Recommendations

- Concnptual Design of Tesbed Systems

- Testbed Flight Test Program Plan

- Wind Tunnel Test Program Plan

11 is to be emphasized that the above-mentioned seven tasks are not discrete

but are mutually dependent. Therefore, some repetition among the tasks occurs

in the discussion of these report results.

A Task Vilt included in the study contract covers the reporting suminarization

and briefings of the study results.

The discussion of the results of this study is organized as per the seven tasks

noted. The section on ROM costing follows the discussions of Task VII. The

principal numerical results of the study are presented In English units. The

associated metric units are presented as secondary values and are enclosed in

parentheses, ( ).

Appendix 1 summarizes the characteristics of the pertinent wind tunnels.

Although not a part of the contract work statement, the work breakdown

structure, through the second level, for the flight test testbed program is

summarized in Appendix 11. Appendix 111 includes description of pertinent

components of the Douglas Flight Test Facility.
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TASK 1

RECOMMENDED TESTBED PROGRAM OBJECTIVES AND PRIORITIES

GENERAL

The prop-fan analysis and associated aircraft design studies which have been

performed to date have shown that the prop-fan is a feasible and a viable

propulsion system which should be capable of providing fuel efficient aircraft

operation by 1985-1988. To date, the Advanced Turboprop Program which is a

part of the Aircraft Energy Efficiency (ACEE) Program has encompassed

o	 design, analyses, and small scale wind tunnel testing of the

prop-fan;

o low speed wind tunnel testing and analysis of crit:Lcal aspects of

prop-fan/aircraft integration - for instance - aerodynamic aspects of

propeller slipstream effects including swirl, design procedures to aid

in swirl recovery, powered semi-span model which simulates the

wing/nacelle/prop-fan slipstream interaction.

Continued effort, either through wind tunnel testing or flight testing, is

required in the rapid develpinent of the prop-fan aircraft. The testbed program

capable of verifying the prop-fan and its integration into a full scale

aircraft is the next step in establishing confidence in this overall prop-fan

aircraft concept. The rapidly increasing price, along with the diminishing

supply, of fossil fuel has created a definite need for a fuel efficient

aircraft to be introduced into the commercial and military aircraft fieets in

the very near future. To meet this need for fuel efficient aircraft into the

fleets, the proof of concept of the prop-fan aircraft is certainly to be

expedited. Consequently, the maximum use should be made of existing suitable

hardware such as an aircraft, turboshaft engine, engine and prop-fan controls.

The existing prop-fan design work enhances the expediency required in this

necessary validation of the prop-fan aircraft.

Throughout this prop-fan testbed research aircraft program, cooperation is

required of the airframer, the prop-fan manufacturer, and the turboshaft engine

manufacturer. In the resolution of all these technologies, the airframer is

11	 PRECEDING PAGE BLANK NOT FILMED



considered the prime integrator, with the manufacturer cooperatiig

closely, and the engine manufacturer a subcontractor of the airfrnmar. This

overall prop-fan testbed program is expected to be monitored by NASA Lewis.

Five specific critical objectives and their order of priority ior the testbed

program are considered to be

o	 substantiation, by large scale testing, of the prcp-fan rotor

structural integrity, Lhe acoustic characteristics of the

prop-fan, and the performance capability of the EuJ.1 SCflle

prop-fan;

o	 overall substantiation of the integrated prop-fan/aircraft

acoustic characteristics including internal and external

noise 1ve1s as well as effectiveness of recommended acoustic

treatments;

o	 Integrated prop-fan/aircraft configuration aercdyanmic aspects

including such as interferences, component contouring for most

favorable lift and drag, stability and control, and overall

performance capability;

o	 integration of 'nechanical controls with the engine and prop-fan;

o	 integration and compatibility of the prop-fan/inlet/engine for

the testbed.

Another very important aspect in the development of 1 1990 type prop-fan
aircraft is the design study, test, and substantiation of an advanced fuel

efficient turboshaft engine compatible with the timing of this future aircraft

This effort is necessarily that of the engine manufacturer in coordination with

the nirframer. Since the testbed itself does nor consider an advanced

turboshaft engine in its initial task of proof of concept of the prop-fan.,

discussion of this advanced turboshaft engine is not included herein as part of

this testbad discussion. It is to be emphasized however that this development

of the advanced turboshaft engine is particularly important to the overall

prop-fan aircraft project.

Discussion follows of these above-mentioned five critical testbed program

objectives. These five objectives are discussed briefly under major headings

in Task I. Both large scale wind tunnel and flight testing are considered

12



herein as means of satisfying these objectives. However, n survey of pertinent

wind tunnel facilities, done during this study and reported in Task TV and Task

Vil, show their inadequacy to provide the concept substantiation required.

LARGE SCALE PROP-FAN ROTOR TEST OBJECTIVES

The substantiation of the structural integrity and performance of the prop-fan

is basic to the continued design and development of the prop-fan aircraft. All

analytical and sniall scale test development work on the prop-fan have shown the

prop-fan to be feasible and very worthwhile for further developmental and proof

of concept work. Hamilton Standard identifies and defines the following

technical objectives and priorities for a testbed program in the areas

associated with the prop-fan rotor. Resolution of these objectives, either

through a testbed aircraft flight research program or a large scale wind tunnel

test, will enhance industry acceptance of the prop-fan for commercial or

military aircraft designed for cruise speeds of Mach 0.8 at altitudes greater

than 30,000 feet (9144 m). As part of the NASA program, the small scale model

technology already developed for the prop-fan must be extended to full scale,

such that confidence of this prop-fan concept is established. Specifically,

the areas of structural dynamics, acoustics and vibrations, and aerodynamic

performance will be addressed, in that order of priority.

Structural Dynamics

In order to establish the most accurate test data and not precipitate

additional analytical correlation studies, the large scale prop-fan should

exhibit a blade diameter of approximately 8 to 10 feet (2.44 to 3.05 m). The

selection of an 8 to 10 foot (2.44 to 3.05 m) diameter for the testbed stems

from two considerations:

o Accurate representation of the total blade airfoil mass and stiffness

distribution, in the spanwise and chordwise directions, as well as the

proportioning of the mass and stiffness contributions of the elements

making up any given cross section of blade airfoil;

13



o accurate representation of size, shape and thickness of the blade

construction elements, so that a clear demonstration of full size

fabrication feasibility can be made

The results of the SR-3, SR-5, and SR-6 aero-acoustic model designs have

demonstrated that the thin swept blade shape increases the degree of mass

stiffness interaction due to rotation and vibration. The response of a blade

to integer order excitation Is related to its frequency and damping. The

frequency is determined by the mass and stiffness distribution; the damping is

related to the deflection amplitude and, therefore, the stiffness. The

probability of non-integer order response is related to the relative magnitude

of the airloads and blade inertia and to the separation of torsional and

bending frequencies. The blade inertia, relative location of the blade

frequencies steady deflections of a tating blade caused by body forces and

aerodynamic forces are all determined by the mass and stiffness distribution.

The integer order response, freedom from non-integer order response

(flutter),and predictable deflection characteristics are essential elements of

a full scale demonstration.

The accuracy of simulation of a full scale prop-fan blade is size dependent

because the full size blade will be made of several materials of different

density, in order to provide a viable total weight. Since there are practical

limitations an the thinness of blade parts, both from a fabrication and a

durability standpoint ,, it is not possible to simulate full size cross sectional

properties in sub-scale size. For example, in order to withstand airloads,

buckling, panel flutter and FOD with a hollow blade tip cross section, the

minimum required pressure side skin thickness would be .060 to .080 inches

(.152 to .203 cin). If this thickness were scaled directly with prop-fan

diameter from 10 feet (3.05 m) to 2 feet (.610 m), the skin thickness would be

.012 to .015 inches (.034 to .038 cm). Since most ccrnposite lamina are about

this thickness, multi-layer laminates, which are necessary to achieve required

strength and stiffness properties, are thus ruled out. Fabricating a blade skin

from such thin sheet metal would require completely different techniques than

would be applied to a full scale blade.
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In the retention area, similar scaling limitations are encountered. An

anti-friction bearing is required for variable pitch. The area available for

the retention and pitch control mechanism is fixed by the hub-to-Lip diameter

ratio required for aerodynamic performance. The cross section of anti-

friction bearings and pitch control elements such as gears, ball screws, links,

rod ends, slider blocks etc., do not scale down well below a certain point

because of fabrication and durability characteristics.

From the Hamilton Standard design work on SR-3, SR-5 and SR6, all of which had

solid metal blades without anti-friction retention bearings, Hamilton Standard

Judges that an accurate demonstration of dynamic behavior and fabrication

feasibility could not be achieved in less than an 8 to 1.0 foot (2.44 to 3.05 m)

diameter prop-fan.

There are two technological areas that require validation: namely,

o	 the s.Lbratory response to aerodynamic flow fields, and

o	 the stall and classical flutter characteristics. This evaluation

should be conducted in the order of priority indicated.

Blade Dynamic Response Validation.

Blade dynamic response is a function of the aerodynamic flow field, the blade

aerodynamic characteristics, and the blade structural dynamic characteristics.

The small modal wind tunnel tests will give fairly good insight into the first

two items, but will not simulate the structural dynamic characteristics of

:Large, spar/shell blades. Response tests on a large scale prop-fan will

provide the means for assessing the construction effects pertaining to the

aerodynamic and dynamic characteristics. The object of this subject testbed

program is to confirm the excitation loadings, predicted by the small model

tests, in the presence of an aircraft and to assess the structural response of

a large scale blade of realistic construction. Because of aeroelastic effects,

it is possible that the large scale model blades may have different stress

sensitivity than that shown an the small solid model blades. Although the 1P

stress sensitivity can probably be better evaluated in a high speed wind tunnel

under controlled conditions with better instrumentation, it is believed that a

flying test bed will be the best method for evaluating the excitation effect

and overall response of prop-fan blades.
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In order to generate the proper flow field, the vibratory response testing must

include a swept wing, a nacelle anu a fuselage, at the sizes representative of

a proposed hill scale aircraft. Thus, the testing of the large scale prop-fan

In a t'ind runnel is precluded. Meaningful testing must include aircraft speeds
from static to 08 Mach number, full variat,on of ground wind velocities and

direction with a representative propeller thrust, full wing angle of attack

variation - both with and without flaps - and a yaw variation.

In order to evaluate the effect that the structural dynamics have on blade
response, the measured stresses will be analyzed with regard to magnitude and

frequency. The excitations, flow field, and sensitivity will be evaluated t

determine whether they are consistent with the small wind tunnel model results
or whether aeroelastic effects are present. Additionally, the presence of

secondary stressing due to the spar/shell blade structure will be assessed.

Blade Classical Flutter Validation

The possibility of classical flutter 'f prop-fan blades are of concern because

of the high degree of modal coupling due to the sweep and low aspect ratio, the
relatively low first torsional mode frequency, and the high operating tip
speeds. The susceptability of a blade to classical flutter is dependent on

both the aerodynamic and structural characteristics of the blade. Although

small model blades duplicate the aerodynamic characteristics reasonably well,

they do not duplicate the structural characteristics. Thus, to develop

confidence that classical flutter will not be a problem, classical flutter

tests should be run on large-scale model blades of typical spar/sheli.

construction. Only in this way will the true aeroelastic effects be properly

duplicated.

During classical flutter teats, the need to continuously control and measure
the operating conditions and stresses accurately requires that testing be

conducted in a high speed wind tunnel rather than on a flying test bed. A idnd

tunnel would permit running bt higher MN without undue concern over safety.
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For such tests there t no need for any aircraft structure, cxccpt possibly the

nacelle, so that wind tunnel operation is practicable. Stress levels and

frequencies will be monitored for indications of Che approach of classical

flutter (Random Dt'creinent Method) over the full range of aircraft 8p00d8 from

static to 0.8 MN, and must cover tile full power loading (SIIP/D 2 ) range. The
results should give confidence that the full. scale, spar/shell configuration

prop-fn.n bLids will be free from c1nnuic'n1 flutter, 118 well as the degree of

nuirtn to be expected. The results will also give tin understanding of the

various on' ra t 1 ng conditions on stability margin. Additionally,.y, with a

comparison oi tht small model results, 11 feel for the construction and Scometry

effects on clnutiical. fluter 'nn be obtained.

Blade Stall Flutter Validation.

Prop-fan hittts are highly loaded and stalled to a great degree during static,
very low speed, and reverte. Consequently, they are susceptible 10 stall

flutter, which is n function of both the aerodynamic and the utrueturnl dynamlc
characteristics of the blade. In order to duplicate the true aeroela8tic and

geometric characteristics, as well as the torsional frequency, the us( , of a
large scale model blade is desirable. As stated previously, small solid model

blades duplicate aerodynamic chnracteristics reasonb1y well, however, their

structural characteristics can only be approximated. Therefore, the flutter
results obtained, If this technique 1s utilized, would primarily be tISc!d for
evaluating theoretical prediction methods.

Since stall flutter usually is most likely to occur during static, high pcwer
operations, an open test stand is the simplest and most effective way fo itu

evaluation,, However, because of the high degree of stall of the prop-fan
blades, and the recent blade system flutter experience during reverse tiu ust on
the 0V1C) aircraft, It appears that tIie best way for an overall stall flutter
stability evnluation of n large scale size model prop-fan would be t he flying
testbed. The flying testbed allows the flexibility for evaluating not only

statte operation, but also reverse and forward operation at low air speeds.

17



Analysis indicates that for these highly stalled blades, stall flutter might

occur at low forw&rd speeds rather than statically. By monitoring the blade

torsional stressing for various operating conditions (power, RPM andairspeed).

it is possible to Lstimate the stall flutter boundary. By utilizing the Random

Decrement Method, j L is also possible to predict the proximity to stall

flutter. This method will determine the blade torsional damping for each

operating condition.

The results will provide confidence that full scale, spar/shell configuration

prop-fan blades will be free from stall flutter, and will determine the degree

of flutter margin. The results will also provide an understanding of how the

operating conditions affect stall flutter margins If small model tests are

run e some insight can be obtained as to the effects of construction and

geometry 08 stall flutter and the predictions can be checked out.

Since the blade structural response and stall flutter characteristics are best

obtained on a flying testbed, and the classical flutter characteristics can be

obtained either in a large high—speed wind tunnel or on a testbed, it is

recommended the stability testing be performed on the testbed aircraft for

complete validation.

Acoustics

Acoustics technology needs are described below. In general, magnitude and

phase characteristics of the prop—fan noise impinging on the fuselage surface

must be established on a large— scale flight vehicle during varioits operating

conditions. Furthermore, the manner in which this noise is transmitted to the

interior must be understood in order to design efficient cabin noise control

treatment. An additional area in which more inforuation is required is the

definition of prop-fan far field noise for flyover noise certification and

community noise evaluations.
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These technology needs can be described in further detail as follows. The

noise field on the fuselage surface must be identified for both ground and

flight operation conditions in order to fully evaluate the cabin acoustic

environment. The design condition for the cabin acoustic environment, however,

will be the cruise condition. Variables that will affect acoustic loading on

the fuselage include aircraft altitude, airspeeds, and angle of attack, blade

loading and pitch angle, and prop-fan rotational speed. The effect of all

these variables on fuselage acoustic loading must be evaluated in flight on the

testbed aircraft.	 In addition, source noise reduction concepts such as

prop-fan syrichrophasing and opposite rotation should be investigated The term

'synchrophasing' refers to the ability to synchronize the propellers such that

a pre-selected relative phase angle is maintained between the blades of one

propeller and the blades of any other propeller on the aircraft.

Traditional propeller synchronization by mechanical governing is necessary to

prevent acoustic beats in the cabin due to slight differences in rotational

speeds between the various propellers. Recent advances in synchronizer

technology have shown that with precision synchrophasing, not only can acoustic

beats be prevented, but an overall reduction in total noise entering the cabin

is possible. Synchrophasing has been demonstrated to provide noise reduction

in tests conducted on existing propeller aircraft. The amount of reduction an'

the ability to achieve the necessary synchrophasing accuracy have not been

demonstrated yet on a prop-fan aircraft, but it is considered to be a viable

concept and should be evaluated on the testbed aircraft.

Prop-fan opposite rotation is another noise reduction concept which should be

evaluated on the testbed aircraft. It is hypothesized (based on measurements

in existing turboprop aircraft) that opposite rotation will reduce noise levels

in the cabin because the blades will sweep by the fuselage on their upward path

(for up-inboard rotation) where they are more lightly loaded aerodynamically.

Furthermore, the area of shock impingement on the fuselage would be below the

floor, as opposed to the window belt area for down-inboard rotation.
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Noise transmission through t1w Nselage and interior panels nm8t be understood

in order to design effective noise coit1701 treatment. Analytical procedures

designed to predict this transmission must be validated with experimental data

ill full scale using a realistic high— speed transport—type structure with

appropriate acoustic treatment. Large scale (narrow — body transport size)

validation is necessary because scaling from small size to full size models is

'Important to the perornumce of acoustic treatment designs. Noise transmission

properties of the fuselage and acoustic treatment materials cannot be scaled

without the introduction uF n high degree of uncertainty, which would A.dvorsely

impact the accomplishment of the stated program objectives.

Initial validation of the analytical models call 	 accomplished in n flight

Lest program on all turboprop. Such n program, with appropriate

pre—test and post—test analyses, could be used to verify Lhe predicted

transmission loss of the fuselage shell 118 well as the performance of advanced

acoustic treatment designs. Due to the cost of modifying n fuselage, this test

program would probably be limited to add—on types of acoustic trentinent.

Presumably, several acoustic treatment designs would be initially evaluated in

a laboratory test set—up before installation in the aircraft.

The definitive validation of all prediction models and acoustic treatment

designs should be done on a prop—fan powered transport— type aircraft capable of

cruising at 0.8 Mach. This testbed prop—fan installation should be as sinlitar

as possible to a production prop—fan installation; i.e., the prop — to- fuselnge

tip clearance should be approximately 0.8 prop diameters a two prop—fan

installation should be used, and zt realistic inlet/nncelle/wing configuration

should be utilized. Furthermore, the noise of the prop—fans should not be

contaminated by extraneous noise from other propulsors on the aircraft. In

other words, the aircraft layout, power requirements, and operation must be

arranged In such n way as to minimize contamination of the prop—fan sound

signal by Lurbofan noise.
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In addition to measurement of near field prop-fan noise on the fuselage and

interior noise, the tastbed aircraft may also provide an opportunity to measure

far field noise during simulated takeoff and approach conditions. These data

are needed in order to make noise predictions at the FAR Part 36 measurement

points. Current far field noise prediction procedures for the prop-fan require

substantiation by test date. These noise measurements cannot be accomplished

under static test conditions because of the present lack of understanding of

the use of static test data. Although previous work has been done in

permitting wind tunnel noise measurements to be used to predict far field

noise, predictions obtained in this manner on a large scale propeller should be

augmented by flight data.

Performance

The main objective is to confirm the performance by evaluating a prop-fan of

large scale size, such as 8-10 feet (2.44-3.05 m), and shape with a realistic

nacelle configuration at the critical design conditions (i.e. efficiency,

pressure, velocity distribution, swirl, etc.). Altitude and Reynolds number
are not considered to be an issue. Testing should be performed in a wind
tunnel, over the full Mach number range with a wide variation in tower loading
and tip speeds.

In the field of performance, there are three technological needs that should be

investigated: namely, the validation of the aerodynamic performance; the

evaluation of the installation effects and; nacelle and inlet configuration
definition. Al]. of these technological needs can best be met in a wind tunnel
test and in the order of priority indicated.

The last two items should be investigated in model scale rather than full scale.

Aerodynamic Performance Validation.

The prop-fan performance levels established by the sinali, model tests conducted

under the NASA Advanced Turboprop Project are expected to be achieved by the
full-scale prop-fan. However ,, a perfo rmance teat on a large scale prop-fan is

important to confirm the expected performance and to provide data for designing
future configurations with improved efficiency.

21



Since the controlled conditions in wind tunnel testing have proven to provide

more accurate and repeatable measurements than is possible from flight tests,

this performance confirmation testtest should be accomplished in a large-scale,

high-speed wind tunnel. In fact the same hardware to be used in the

structural and acoustic flight test later may be used in a wind tunnel.

The performance measurements from this test with actual full scale flight test

hardware, (i.e. prop-fan, nacelle without the wing) are important since these

data will include such effects as surface smoothness, manufacturing tolerances

spinner-to-blade juncture, ncroelastic deflections under operating loads and

full scale Reynolds number, etc. These above-mentioned shape effects are not

included in the existing model test data. The complete performance spectruni of

interest should be defined in this wind tunnel test. Accordingly, the test

schedule should cover a tunne]. Mach number range from near static through 0.8 -

0.85 for n wide range 01 power loading at hp speeds from 500 (152) through 900
Et/sec (274 rn/sec). Reverse thrust performance, windiuilling and feather drags
should be investigated as part of the test program.

Installation Effects Evaluation

The effect of the prop-Ian and nacelle interaction may require that the wing be
modified 10 accommodate the prop-fan slipstream with no significant performance

penalty. The basic investigation should be conducted in the wind tunnel on a

small scale, semi-span model. This program is required to provide aerodynamic

data for establishing the "optimum" nacelle location on the wing, the nacelle

and wing interface geometry, and the wing modifications required to maintain or
improve wing performance in the presence 01 the prop-fan slipstream.

The large-scale flight test vehicle will not be prefeirred for acquiring the

detailed data needed for the production design because the testbcd wing is not

a supercritical wing of the type anticipated for the produdction aircraft, the

propeller/wing size relationship is Imcorrect, and the thrust minus drag data
ts not as accurate as can be obtained in a wind tunnel with a strain-gage

balance. ilowever, the overall aircraft performance obtained from flight test
data can provide Information for assessing the overall propulsive effici-ency.
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In this case, the performance measurements should be made on an aircraft

designed for a prop-fan propulsion system rather than a flying testbed where

the prop-fan engine provides a small portion of total thrust.

A more precise means of establishing propulsive efficiency would be from wind

tunnel measurements or a large scale prop-fan and nacelle installed 011 a

semi-span aircraft model . However, the tunnel size and scale effects to

obtain proper wing performance becomes P. question. The airframe manufacturer

is best qualified to recommend the sing size and wind tunnel for this

evaluation. For the best insta1)t1on, tile wing and fuselage forces should be

measured an a balance separate from the prop-fan and nacelle forces. The

prop-fan data should be obtiined from thrust and torque meters installed 
in thethe

nacelle and, finally, the triction drag on a nacelle should be measured on a

separate nacelle ba1wce. In this manner the effect of prop-fan slipstream on

the aircraft cnpon.nts may be established as well as the performance of the

prop-fan in th. presence of the aircraft. These detailed measurements could

not he made in any practical flight test vehicle.

ace11e and Inlet Configuration Definition

The shape of the nacelle integrated with the prop-fan is important to achieving

high efficiency at high flight Mach numbers • The prop-fan models tested to

date have incorporated a carefuliy configured nacelle to minimize blade root

Mach numbers thereby reducing compressibility losses. However, neither the

effect of nacelle shape on aircraft performance nor the effect of engine air

inlet shape on prop-fan performance and inlet pressure recovery have been

investigated. This research task should be conducted in the wind tunnel on

small models. When an optimum nacelle/inlet configuration has been

established, a large-scale wind tunnel test should be performed to determine

the efficiency, nacelle drag, and inlet pressure recovery. For the flight

research program, the inlet pressure recovery should be measured, even if the

nacelle and inlet shapes are not optimized configurations, in order to

establish inlet pressure recovery levels actually achieved by the prop-fan

inlet at high Mach numbers and Reynolds' number.



Summary of Prop-fan Testbed Program Priorities

Assessment of the priorities for the testbed program objectives is based on the

relative importance of the structural integrity, acoustic environment and

aircraft performance technological areas.

The areas of technological need can be summarized as indicated, below:

Priority 1 - Integrity of the prop-fan structure which includes the vibratory

response to aerodynamic flow fields, the prop-fan stall, and classical flutter

boundaries.

Priority 2 - Passenger cabin acoustic and vibration environment. Areas of

concern are:

o evaluation of prop-fan acoustic loads on the fuselage, thcluding the

effects of prop-fan synchronization and opposite rotation, and

o	 effectiveness of sidewall acoustic treatment in reducing prop-fan

noise transmitted to the interior.

Priority 3 - Aircraft performance, although important, should not Jeopardize

satisfying the more important structural integrity and acoustic requirements.

The performance areas of concern are validation of the aerodynamic performance,

evaluation of the installation drag effects, and definition of the nacelle and

inlet performance

TESTBED ACOUSTIC OBJECTIVES

In order to gain ceptance of the prop-fan as a propulsor for commereial

aircraft, an acceptable solution to the interior noise problem must first be

demonstrated to the customer airlines. Questions that should be addressed in

the area of acoustics include:

o Can interior noise and cabin vibration levels be obtained in prop-fan

aircraft that are comparable to the levels in present turbofan

aircraft?



o	 What is the weight penalty associated with attaining low interior

noise levels and how does this weight penalty affect operating costs?

o	 Can prop-fan aircraft meet present and future flyover noise

regulations?

This study will investigate the ability of either a flying testbed aircraft or
a wind tunnel test program to provide answers to these questions. It is not

anticipated that either test program would completely answer all of the

questions, howevr, the relative rnerits and shortcomings of each program will

be discussed.

Measurement of the noise generated by a large scale prop-fan during flight
conditions is necessary in order to determine acoustic levels and directivities

in both the near and far field. The near field information will provide input

for fuselage structural design to prevent sonic fatigue, and for acoustic

treatment design to reduce interior noise. These tasks require precise
definition of the external noise field acting on the fuselage in order to
attain maximum design effectiveness at minimum weight penalty. Present

propeller noise prediction procedures and model propfan wind tunnel test data

are useful for preliminary design st.idles, but require verification before more

detailed design work is performed. The accuracy of existing prediction

procedures remains in question s as does the effect of scaling inodel prop-fan

wind tunnel data to full scale propellers. It is anticipated that noise data

from the tcstbed pro'ram will provide the means for verification or
modification of the prediction procedures.

Measurement of far field noise is needed to show the ability of a prop-fan

powered aircraft to meet present and possible future flyover noise regulations.

Current procedures for prediction of prip-fan far field noise require

verification before they can be used with any degree of confidence. Accurate

far field noise estimates will be needed before guarantee discussions can take

place with customer airlines.
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The task of designing acoustic treatment to reduce Interior noise requires that

measurements of fuselage vibration and cabin t1se be made first without any

acoustic treatment, so that the noise reduction afforded by the fuselage can be

determined. The difference between the cabin noise level without any acoustic

treatment and the interior noise goal will be the amount of noise reduction

that must be provided by the treatment.

Measurement of fuselage vibration and cabin noise will also provide a means for

evaluation of the structural response analytical models that are used to

predict interior noise levels. The data will show how the structure responds

to the external noise field and how it radiates the noise to the interior.

The testbed aircraft will also be used to test the effectiveness of various

acoustic treatment designs. The actual performance of several trim panel and

sidewall cavity treatment configurations can be compared against predicted

performance and the performance required to meet the interior noise goal. It

is important that the ability of an acoustic treatment design to meet the

interior noise goal be demonstrated to gain airline customer acceptance. These

data will also provide the information necessary to compute the minimum weight

penalty actually needed to attain the desired interior noise level..

As a byproduct of the testbed program, data will be available to determine the

effects of scaling model prop-fan wind tunnel data to a large scale propeller.

Determination of scaling effects would make existing model prop--fan data much

more useful and also may enable future model prop-fan test data to be used for

parametric studies of full-scale designs.

To summarize the previous discussion the acoustic objectives of the testbed

program are listed here in order of Importance:

o Measure prop-generated near field and far field noise during

representative ground and flight conditions.
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o Measure passenger cabin noise and fuselage vibration during cruise

flight conditions.

o	 Determine the effectiveness of various types of noise control

treatment in reducing passenger cabin noise.

o	 Evaluate prop-fan opposite rotation and synchronization effects.

o Determine the effects of scaling model prop-fan noise data to large

scale applications at representative flight conditiori.

o	 Obtain data to verify or modify existing theoretical prediction models.

o Obtain data to develop procedures for predicting FAR Part 36 noise

levels.

Resolution of Acoustic Objectives

The resolution of acoustic objectives may be accomplished by testbed aircraft

or by wind tunnel testing. The following discussion addrsses these two

methods.

Resolution by Testbed Aircraft.

A flying testbed aircraft will provide a highly desirable means of

accomplishing most of the acoustic objectives listed above. A flying testbed

will provide the direct means for verification of the various prediction

procedures that are currently being relied upon rather heavily; and In

addition, It will provide an opportunity for potential customer airlines to

witness a large scale prop-fan installation. The ability to attain acceptable

interior noise levels can also be demonstrated.
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Regarding the ability of the testbod program to accomplish the stated acoustic

objectives, measurement of near field noise levels and directivity can be

Accomplished by means of an array of external microphones flush-mounted to the

fuselage akin. PrecisL definition of the external noise field during flight is

needed to formulate detailed predictions of fuselage response. The external

microphone array will be designed to measre the levels and spatial

characteristics of the external noise field, including relative phase. The

microphone sign1s will be recorded simultaneously on a multi-track recorder so

that phase Information can be obtained through appropriate data analysis.

It is desirable to measure prop-fan generated far field noise with the testbed

aircraft. Normally, the preferred method of accomplishing this would be to

conduct actual takeoffs and approaches. However, the proposed testbed aircraft

is currently restricted to operation at altitudes above 15,000 feet (4572 m).

The 15,000 foot (4572 in) altitude restriction may be removed if wind tunnel

testing verifies that the testbed aircraft can be operated safely at lower

altitudes. Noise measurements may thus be obtained in a low-altitude level

flyover, or in a low-altitude descent. These noise measurements may then be

used to validate or improve the prop-fan far field noise prediction methods,

which can then be used to estimate the aircraft's noise characteristics for

other flight conditions.

Alternatively, far field noise data may be obtained under forward speed

conditions during taxi testing. It is suggested that noise measurements during

taxi tests be included in the testbed program even if it is determined that

level flyovers are p js.Li1e. The taxi tests wiil provide backup data in the

event that the rlyover data quality is poor. The taxi measurements also have

the advantage of being uncontaminated by turbofan noise. Furthermore, the taxi

data can be used for comparisons with the flyover data and ground static data

to obtain a better understanding of the effects of forward speed on propeller

noise.
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The ability to use propeller noise measured under ground static conditions will

become a necessary part of any future production programs The prop-fan tastbed

aircraft will provide an opportunity to obtain both ground static data and data

under forward speed conditions (either during level flyovers or taxi tasting,

or both). As discussed later in this report, the problems associated with the

interpretation of static propeller data may not be insurmountable and,

therefore, these measurements should be obtained as part of the testbed

program. In addition, far field noise measured during ground static runup will

yield information useful for airport community noise assessment for ground

operations prior to brake release.

Prop-fan near field noise will be measured using the fuselage flush- mounted

microphone array during ground static taxi, and flight operations. In

addition to characterizing the prop .-fan noise field on the fuselage under these

conditions, the data can be combined with accelerometer and interior microphone

data to identify fuselage response and transmission loss.

Passenger cabin noise will be measured using microphones located both near the

sidewall and at the center of the aircraft at appropriate locations along the

length of the cabin. Cabin noise will be measured for both treated and

untreated (barewall) sidewal]. configurations. The barewall measurements will

permit determination of fuselage noise reduction, when compared to the noise

levels measured by the exterior microphones.

Cabin noise measurements with sidewall acoustic treatment will yield data on

the noise reduction of the various treatment designs. The extent of the

prop-fan noise field in the cabin and the ability of certain acoustic

treatments to meet specific interior noise goals will be determined with the

interior microphone system.

Fuselage shell vibration will be measured using accelerometers mounted on

selected skin panels and stiffeners. These data, along with the data gathered

on the external noise field from the fuselage flush mounted microphones, will

permit characterization of the dynamic shell response, including amplitude,

phase, skin velocity, wavcspeed, and frequency response.
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The inflight shell vibration data will be used with the barewall data from the

interior microphones to check the ability of the structure to radiate sound

energy to the interior. This property, known as radiation efficiency, is

related to skin velocity, wavespeed in the structure., and wavespeed in the

acoustic medium.

Additional tests that will be performed to identify the interior acoustic

environment include reverberation time measurements of both the barewall and

treated configurations. Reverberation times are needed in order to calculate
values of cabin acoustic absorption. Calculation of cabin absorption allows

conversion from noise reduction (a measured quantity) to transmission loss (an

acoustic property of the material) for the fuselage structure and acoustic

treatments. Assuming the inner surfaces of the various trim panel designs ce

not too different, one set of reverberation time measurements will be

satisfactory for all trim panel configurations. In order to perform this test,
multiple sound sources of pink noise will be placed in the cabin. Tl e same set

of interior microphones used for the other portions of the test program will

act as receivers.

Comparison between the interior microphone measurements with and without

acoustic treatment ) in conjunction with the corresponding interior absorption

measurements, will permit determination of the effectiveness of the various

acoustic treatment designs that are tested.

There are several potentially important noise and vibration transmission paths

from the prop-fan system to the aircraft interior. These include

structure-borne transmission paths which are not addressed in this study,

however, this subject will be addressed in future work.

For the major portion of the testbed program, acoustic treatment desigra will

all be of he type known as "add-on"; i.e., not requiring modification of the

primary fuselag: structure. The only modifications that will be made to the

basic structure will be for prevention of failure due to sonic fatigue. These

necessary structural modifications will probably be accomplished by the

addition of frame and longeron sections, an increase in skin gauge, or the

addition ni skin doublers in the vicinity of the prop plane.
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Acoust'. treatment designs to be included in the tstbcd program will be

designed to be interchanged with or added to existing trim panel structure or

blanket systems. Approaches that will be evaluated include increased trim

panel mass and stiffness, use of honeycomb trim panels, Increased skin-to-trim

panel distance, damping added to skin panels, and introduction of limp mass

Lnto the blanket system. A later portion ot the testbed program will involve

the testing of an acoustic treatment design which requires modification of a

section of the basic fuselage structure. The advanced treatment may consist of

isogrid outer structure s modified standard structure, or possibly some other

concept. The advanced treatment concept to be used on the testbed aircraft

w11 be selected based on results of laboratory acoustic treatment development

testing.

Determination of the effects of scaling model prop-fan near field noise data to

large scale applications can be accomplished using data from the flying testbad

program. It is epecia1Ly desirable to scale the model prop-fan data to data

acquired during flight because the effects of pressure, temperature, flow

field, and forward speed will all be present in the flight data.

Acoustic objectives of this study that can be accomplished by a flying testbed

program are as follows:

o Measurement of prop-fan near field and far field noises

o Measurement of passenger cabin noise and fuselage vibration.

o	 Determination of the effectiveness of various types of acoustic

treatment.

0	 Determination of the effects of scaling model prop-fan noise data to

large scale applications at representative flight condltions
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The only acoustic objective of this study that cannot be accomplished in the

flying testbed pr'rnm is the measurement of prop-fin Far field noise during

takeoff and approach. In addition measurement of far field noise during 1vc1

flyovers (ordescent) may not be allowed because of the previously discussed

flight envelope altitude restriction.

Resolution by Wind Tunnel Testing:

Resolution of the acoustic objectives of this study by means of s wind tunnel

test program is incomplete for some of the objectives and impossible for tbe

others. At low Mach numbers measurement of near field noise generated by the

prop-fan is possible in n fncility such as the NASA Ames 40 x 80 foot wind

tunnel. Maximum Mach number for this facility is approximately 0.45, which is

far below s cruise condition Mach number of 0.80. Furthermore, the problems of

ambient noise and tunnel wall acoustic reflections must be dealt with. The

perimeter of the tent section can be lined with sound absorbing material (this

has been partially done in the past), which is expensive and relatively
ineffective at the low blade passage frequency of the prop-fan. Overspeeding

th p prop-fan is not recommended because of problems in interpretation of the

acouic data, and also it is not compatible with other nonacoustic objectives

of the test program. Acquisition of good near-field noise data inside n wind
tunnel is uncertain at best, and it is not representative of cruise flight
conditions.

The acquisition of far field noise data in a wind tunnel is even more uncertain
than the acquisition of near field noise date. Far field noise measurements
can be made in the 40 x 80 foot Ames wind tunnel for locations near the
prop-fan disc plane. Depending on the location of the propeller test rig, It
may be possible to place microphones up to 50 f. t (15.2 m) away froin the

prop-fan blade tips which is 5 prop-fan diameters away from a 10 foot (3.05 m)

diameter prop-fan (the propeller far field is generally defined as beginning

approximately 3 or 4 propeller diameters from the blade tips). However, high

ambient noise levels and tunnel wall acoustic reflections may present severe,
if not insurmountable, problems to acquisition of good acoustic data.
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Far field noL8t may be ittiurtd under ground static conditions on uu outdoor

test rig such as the MDC QiA1T8 ite engine test stand located in Qttn rt si tc

A r t z a an . This requires  n oc pi rn t c 1 n Ln 1 it% ian and does nt) c include mounting

the 11r01)— fnfl 00 a wing/fuselage section. Problems associated With theu

Interpretation of sLatic propeller noise data may prev ent it from being tiw b lo

without knowledge of proper data reduction techniques  8 nd adjustment factors.

Those stat le- to- f light adjustments have to be determined based an comparison Of

the static data with flight data (if they can be detotinlned at all).

Therefore, It Is doubtful that the invasurement of far field 00180 an a 8tattc

test utvnd only will y11d useable information.

McsLlrtI8ont of pitativriger cabin noise and vibration and the determination of the
o

f f o, 11 v 00088 Of nolse cont ral 1 run 18)00 t cannot be nccoinpl Is :1 n n wind

11)0001 Lost81 P°8 ri011.

Assuming good near field noise data can he obtained on o 10 foot (3.05 m)

1ott'r prop-f)n In the 40 x 80 fool tunnel, effects of scaling iuodcl prop-fan

dnrn to large 8r010 applicationn can be attomptvd. A problem Lh.t my be

encountered .11') 11)0 determination of scaling fnc 1')L'8 18 that the effect  01

forward  8 c d may not be ndequn t c 1 y represented In the 10 foot (1.O

diameter prop-fan data boonuse of wind tunnel  t 1.oiq speed limitations.
f a ctor lends to n great doni of uncertainty as to the validity of ncnic factors

determined from n wind tunnel test program. Tvsting the 10 foot (3.05 m)

diameter prop-fan In n lInnhlior high-speed wind tunnel will not yield usable

acoustic dnta bcuao 01 the Lest section apace limitations.

Acoustic objectives of this study  thn t can be accomplished by a wind tunnel

test program are, tht're fote , limited  to the following:

o	 nivavuroment of near field noise during low Mach "umber flow

conditions (0.45 Mach);

o	 rnc.suremcnt of far field noise to the prop-fan disc plane during

ground sInIle condition*; 00 an outdoor test rig (requires

separate .tnntai.Lation)

0	 thtt'rintnntton of scaling effects on near field noise at low Mach

number (0.65 Hnch)
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Acoustic abjectives of this study that can not be accomplished by a wind tunnel

test program include:
o measurement of prop-fan near field noise at cruise Mach numbers;

o	 determination of scaling effects on near field noise at cruise

Mach numbers.

o	 measurement of far field noise during formal flight;

o measurement of passenger cabin noise and vibration;

o	 determination of the effectiveness of acoustic treatment.

In view of the numerous acoustic limitations of a wind tunnel test program, it
is highly recommended that the flying testbed program be undertaken. The

flight testing of a large scale prop-fan installation will have n much greater

ability to convince user airlines of the feasibility of operating this type of
aircraft than will results of wind tunnel testing. In addition, the flight
test program will provide very valuable information enabling building a more

efficient and quiet aircraft.
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INTEGRATED PROP-FAN/AIRCRAFT AERODYNAMICS ASPECTS

Table 1 lists the major trod"atnic objectives required to verify feasibility
of the prop-fan installed on an aircraft. These are listed in order of
priority for each method of test (flight and wind tunnel).

TABLE 1

AERO OBJECTIVES TO VERIFY FEASIBILITY

ACCEPTANCE OF PROP-FAN

-. Oes

Aircraft Characteristics(1)

o Speed and fuel burned

o Flying qualities with
power application

o Stall characteristics
(augmented thrust)

o Downwash at tall with
power on

Wind Tunnel Test
Flight Tent	 Large Scale
Large Seale artla]. Span Mode

x

Propulsive Efficiency	 x

• Thurst minus drag

• Nacelle/wing contouring

• Propeller inflow velocity
and angle

Inlet/Engine Compatibility
	 x

(1) Prefer using subscale wind tunnel tests.
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Aircraft Charcteristics

The most important characteristics of a prop-fan powered aircraft are speed1,

fuel burned, handling characteristics and flying qualities. Full span subscale

wind tunnel tests at both high and low speed can be used to determine the

preliminary acro characteristics and develop the details of the wing/nacelle

contouring. The advantages of subscale wind tunnel testing are

•	 proper engine/prop/wing site relationship;

•	 accurate force measurements using n balance;

•	 safe exploration of operational envelope;

•	 lower cost and less time consuming geometry modifications required to

optimize wing/nacelle shape.

There are several factors that subscale wind tunnel tests do not take into

account. These are:

o Reynolds number effects - low Reynolds numbers will result in

unrealistic boundary layer displacement thickness modifying the

effective aero external lines which will affect the drag and aero

characteristics; thus premature boundary layer separations can also

occur.

o Engine inlet flow effects - the subscale tests will have propeller

drive air supplied externally thus the engine inlet flow cannot be

simulated. Therefore, inlet drag characteristics and interactions of

the inlet with the propeller and wing cannot be measured.

o	 Excrescence drag - the drag of surface roughness, cooling airflow,

leakage, etc., can only be reasonably determined in large scale tests.

o	 Drag due to lift - wind tunnel wall effects and low Reynold numbers

affect the induced drag.
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The large scale flying testbed will closely simulate Rynolds' numbers

experienced on the production aircraft. The flowing inlet will be present and,

since it is flight hardware, the excrescence drag and induced drag will be

properly simulated.

Propulsive Efficiency

The propulsive efficiency is defined as

Ti	 (T-n) v1
550 SHP

where	 (410.1 Kw)

T	 -	 prop-fan thrust - lb

D	 -	 drag of installation - lb

SUP -	 shaft horsepower

V	 -	 flight speed - ft/sec

The flight representative thrust minus drag (T-D) term can best be obtained

using a flight test. Technical issues are nacelle/wing drag, propeller plane

flow conditions for maximum thrust prop-fan design, and prop-fan efficiency.

High Reynolds number flight hardware roughness, and the presence of the flowing

inlet are required to obtain representative nacelle/wing drag and propeller

thrust. This can only be done at large scale using the flying testbed.

ln].et Engine Compatibility

A test of the engine inlet and measurements to establish compatibility with the

engine can be adequately performed using a partial wing span flight SiZC model

in the wind tunnel. The inflow angle and velocity errors resulting from a

partial span wing (See Section VII for further discussion) are considered small

enough to warrant a test of this type. Large scale is important to obtain the
correct boundary layer characteristics inside the inlet duet.
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INTEGRATION OF MECHANICAL CONTROLS WITH ENGINE AND PROP-FAN

The prime responsibility of selection of existing or modified controls for the

engine and for the prop-fan. suitable for the testbed research aircraft is

considered that of the engine or prop-fan manufacturer in conjunction with the

airfran • In the case of the prop-fan, the controls, pitch:Lock, and prop-fan

pitch control mechanisms are designed by Hamilton Standard and are discussed

herein in Task 11. The cngine and the associated gearbox design and/or

modifications, Llnique to the turboshaft system, are the engine manufacturer's

task. In the case of trie gearbox, it is felt that realistic full scale sizes

of 15,000 SUP (11,1135 Kw) or under are within the present state of the art!

The question of opposite rotation of the prop-fart is one which is quite

feasible but will require modification of the gearbox. These are questicns

directed to the engine manufacturer. Discussion of this activity is incltded

in Task 11 of this report.

INTEGR\TION AND COMPATIBILITY OF PROP-FAN/INLET/ENGINE

The inlet design and its match to the prop-fan and engine under the rcqutred

mission operating conditions is critical to the design of a "near-Optimum"
prop-fan aircraft. The scope of the testbed study as considered herein does

not include the allowance for necessry work relative ti. the inlet design

optimizations; this "optimization" work should be n necessary tiisl. included in

any pians for follow-on testbed work. Hach number and pressire operating

conditions ahead of the inlet but aft of the prop-fan are criict to the inlet

design. These Hach numbers and pressures are not known at this time.
Therefore, the Inlet shown throughtout this study is a representation; before
the testbed is flown, the Inlet placement on the aircraft, the internal and the
external inlet contours will have been properly substantiated. This work must
be done by the airfrarner In close coordination with both engine and prop-fan
manufacturer.
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TASK 11

CANDIDATE PROPELLER DRIVE SYSTEMS

ENGINE/GEARBOX

The turboprop testbed system study involves the assessment of feasibility of

three separate engines. These engines are the Generai. Electric T64 and the

Detroit Diesel Allison T56 and T701. The role of the flight testbed on

propulsion technology issues is summarized in Figure 3. Various prop—fan

installation arrangements studied are shown in Figure 4.

ELEMENT

PROPELLER

GAS GENERATOR

GEARBOX

CONTROLS

LOW SPOOL

PROPULSION
SYSTEM

ISSUE

STRUCTURAL INTEGRITY
OF THIN-SWEPT BLADES

No ISSUE

MAINTENANCE
COSTS

NO ISSUE

OPTIMUM
CONFIGURATION

COMMON VERSUS
OPPOSITE ROTATION

OPTIMUM
ARRANGEMENT

TESTBED ROLE

DEMONSTRATE STRUCTURAL
INTEGRITY WITHOUT FLUTTER

PROVIDE DATA
FOR DESIGN

PROVIDE DATA
FCR DESIGN

PROVIDE DATA
FOR DESIGN

DEVELOP DATA
FOR DECISION

DEVELOP DATA
FOR DECISION

.Gi$I?%IA

FIGURE 3. ROLE OF FLIGHT TESTBED ON PROPULSION TECHNOLOGY ISSUES

FAN OFFSET HIOH -:	 -
UTW ENGINE	 .

FAN INUN!
O1W ENGINE -

FAN OFFSET LOW	 i-
OIW ENGINE	 - -.- -

FAN INLINE
U`I­W ENGINE

FAN OFFSET HIGH 	 -GTW ENGINE

FIGURE 4. PROP-FAN INSTALLATION ARRANGEMENTS
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The availability of suitable gearboxes is considered in evaluation of these

engines for the DC-9 prop-fan testbed. In evaluating the engines for the DC-9

prop-fan testbed, it is determined that in each case the most appropriate

gearbox orientation is pinion 1o. This pinion low mounting produces a

favorable ground 'learan r e and still provides for access to the engine,

gearbox, and accessories in the engine compartment. in each case tho engine is

mounted forward and above the wing with the engine tailpipe routed over the

wing and exhausting in the vicinity of the wing trailing edge.

In working out a control system which will meet the needs of the DC-9 prop-fan
testbed aircraft, and considering the control systems used by the three

candidate engines, it becomes clear that a suitable control system can be
devised which is not drastically different than the basic system used for each

engine. Therefore, any of the control systems of the three engines under

consideration for the testbed application can be suitably modified to fill the

needs of the test program as visualized.

Of the three engines under consideration fnr the prop-fan testbed program, one,

the Allison T56, is a single shaft design and the other two, the General

Electric T64 and the Allison T701, are dual shaft (free turbine) designs. In

the single shaft design the specified tip speeds of 800, 700 and 600 ft/sec
(244, 213, and 183 m/sec) can be met by varying turbine RPM. This drastically

lowers the maximum available power loading, SHP/D 2 , because the shaft
horsepower available is a strong function of compressor and turbine RPM. For

example, if the prop-fan is sized to produce a cruise SHP/D 2 of 37.5 (301

Kw/m2) at a tip speed of 800 ft/sec (44 'al/sec) at 100 percent rated engine RPM

the maximum available Slip/D2 drops to 17 (13 Kw/m2 ) when the engine speed is

reduced to produce a tip speed of 600 ft/sec (183 m/sec). As the requirements

of the testbed capability specifies a SHP/0 2 of 26 (209 Kw/m 2 ) aL 600 ft/sec

(183 m/sec), it is obvious that either three separate gearboxes or one gearbox

wtth several gear changes will be required to maintain the engine at or near
its rated RPM. The alternative of sizing the prop-fan for the cruise disc

loading of 26 (209 Kw/m2 ) results in a smaller diameter test prop-fan.

In the case of the free turbine (dual shaft) design, this speed reduction does

not have such a drastic effect. Assuming, as above that the prop-fan is sized
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OF POOR QUAL(TY

for a cruise siiP/n2 of 37.5 (301 Kw/m 2 ) at a tip speed of 800 ft/sic (244

in/sec) at 100 percent engine rated RPM, the maximum SHP/D 2 would drop to 32

(181 KW/i2) when the power turbine is slowed to produce a tip speed of 600
ft/sec (183 m/sec).

These results are summarized in the following tnble:

Percint of Rated

TAI1LC 2

C0HPAR1S0 OF	 CAPABILITIES

	

Prop-Pita Tip Speed j	 Hnxlrnum Available

	1 	 Stn1c Shaft	 1	 l3n1 51,(t
1 T56 8 F TiZ flFToiio Ft (3.05 )JT2Jim)L--- Py11r

	

800 (264)	 37.5 (301)	 37.5 (301)	 37.5 (301)

	

700 (213)	 22.5 (181)	 34.6 (216)	 34,4 (276)

	

600 (183)	
[	

17.3 (139)	 32.4 (260)	 j314 (252)

Oentgn point

37.5

If necessary, the dual shaft engines could be equipped with gearboxgearbox changes or

changes to a gearbox which would permit testing over the hill range of SHP/12

of 37.5, 30 and 26 (301, 241 and 209 Kw/m2) at the tip speeds of 800, 700 and

600 ft/sec (244, 213, 183 m/sec). The point which must be weighed Is whether

it is worth the additional expense of the gearbox revisions for the dual shaft

engine to obtain the full range of SHP/D 2. In the case of the single shaft

engine it is obvious that, with an 8 foot (2.44 m) prop, the requirements of

the prop-fan testbed program cannot be met without the gearbox modifications.

Each engine type is available for use on the prop-fan testbed program. The

Allison T56 and the T701 can be bailed from one of the military services. In

the case of the T701, its possible use on an Army project may necessitate that

the testbed program use the commercial version '570) of the T701. This

possible substitution of the commercial version of the engine for the T701

entails little change in the testbed program. The General Electric T64 engine,

although somewhat small for the prop-fan diameter desired on the testbed

program, may be provided by General Electric.
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Eicli engine/gearbox combination has n somewhat different mode of cooling the

oi].. Each enine/e...'box oil cooler arrangement has been investigated and each

are amenable to adaption to the DC-9 prop-fan research vehicle. Hardware has

been identified which will suffice for the prop-fan tstbed programs For

opposite rotation on the prop-fans, an idler gear must be added to the gearbox

system.

Since it is envisioned that the testbed aircraft will not be taking off and

climbing with the prop-fan engine in operation it will be necessary to provide

for a means of in-flight starting.

A typical power management schedule for the testbed aircraft, from takeoff to

test altitude and speed may be such as follows:

o	 begin test with feathered propeller and windmilling engine;

o	 start gas generator in flight at low Mach number and altitude

o	 move from feather to test RPM with pitch schedule for zero thrust

o	 increase pitch to teat value.

The prop-fan blade angle must operate from a pitch setting for zero thrust s as

a function of RPM and Mach number, through a setting of positive thrust to a

setting for negative thrust. Safe operating conditions must be ensured
throughout the above-mentioned procedures. Two conditions in particular are of

concern, namely:

o rapid RPM changes possible from changes in blade pitch of the prop-fan
or gas generator power, (low pitch lock and negative torque system),
and

o	 high drag resulting from flat pitch (thflight pitch lock).

Effective safety procedures or devices useful during these operating conditions

may be

o	 overspced governor

o	 feathering

o	 pitch lock

o	 propeller brake
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U.S. NAVY P3 ORION INSTALLATION
PINION HIGH T56.A-14 ENGINE

Figure 5 presents a comparison of a current 13.5 foot (4.12 n) turboprop

installation with an advanced 8.0 foot (2.44 m) diameter prop-fan installation.

The drive system is identical but the diameter of the prop-fan is 40 percent

smaller than the conventional propeller installation.

ORIGINIAL	 tOF POORQ t .Uiy

13.5-FTDIA (4.12 m)
4-BLADE PROPELLER

8.00-Ft-DIA
(2.44 m)

8 OR LO.BLADE
PROPELLER

PROPFAN INSTALLATION
PINION LOW T.56 ENGINE

GEN 27596

FIGURE 5. COMPARISON OF ADVANCED AND CURRENT INLET/PROPELLER RELATIONSHIP

Other critical considerations In the selection of a propulsion system include

such as:

o	 inline versus offset gearbox

o	 coiton versus opposite rotation of the prop-fan, and

0	 two spool versus three spool engine.

0	 free rurbine versus single shaft
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The gearbox configuration and location not only affects this prop-fan ground

clearance but is influential on the inlet design In general, aerodynamically

and acoustically the opposite rotation of wing-mounted prop-fans (both rotating

upward and inboard to the fuselage) is favorable. However, considerations such

as development and tooling costs, spares, noise, performance, and operational

adaptability must be taken into account. Other considerations include an

engine company study of the two-spool versus the three-spool engine, the use of

a free turbine versus a fixed shaft design to meet off-design requirements ,, and

the effect of these on engine size and weight.

Critical control systems required for satisfactory operation of the prop-fan/

engine propulsion system are

o	 prop-fan control

o	 engine control, and

o	 prop-fan/engine coordinator

Hamilton Standard recommends the modified 54H60 prop-fan control as expeditious

and satisfactory for the testbed aircraft. Discussions of the necessary

modifications, for the testbed or the existing 541-160 propeller control, is in

subsequent paragraphs. In the case of the engine control for the testbed

aircraft, Allison recommends a modification of the supervisory electronic

rv)ntrol such as is on their T701 engines The prop-fan/engine coordinator is a

..ng1e lever which permits the pilot to readily control the two-ng1re testbed

aircraft. This coordinator is considered a requirement for a two-engine

testbed installation; it Is still considered necessary to have individual

engine throttle and propeller pitch levers.

T701 Engine/Modified T56 Gearbox

The T701 engine clearly has the advantage over the other two competing engines

in that it has the highest shaft horsepower capability and is therefore capable

of swinging a larger diameter prop-fan. It also has a free turbine. With the

T701 cruise power available, a 9.5 foot 2.90 m) diameter prop-fan gives the

maximum cruise SHP/D 2 of 37.5 (301 Kw/m2) ut Mcrujse of 0.8 at 35,000 feet

(1-0,668 M).
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DetrGit Diesel Allison (DDA) has proposed that the en'tne contro, system, which

can fill the needs for the t:etbed aircraft, be a modification of the control

system devised for controlling the T701 engine as originally planned for use in

the Heavy Lift Helicopter (IILI-1) program. (In that L-ILH program, three T701

engines were connected to drive one helicopter rotor. All of the engines would

have been connected to the rotor drive mechanism but each would be controlled

utilizing torquemeter information so that each engine would take its
proportionate share of the load.) Allison has considered the modifications

necessary for the DC-9 testbed installation and an all electronic system is

proposed.

Since this is a fly-by-wire control system, it is possible to vary the prop-fan

tip speed by changing the prop-fan governor setting and thus controlling the

output torque of the power turbine. This is much easier and less expensive

than changing gearboxes or gears inside of gearboxes such as is required in the

case cf the fixed shaft T36 engine. If the prop-fan is sized to have a SHP/02

= 37.5 (301 Kw/m) at 100 percent engine RPM at 35,000 feet (10,668 m) and a

Mach number of 0.80, the following maximum power loadings (SHP/D 2 ) are

attainable with the T701 engine an a function of prop-fan tip speed at the same

flight speed and attitude.

Prop-Fan Tip Speed
$t/Sec (m/sec)

800	 (244)

70'	 (213)

600	 (283)

Maximum Cruise Power Loading
SUP/02 Available (Kw/m2)

	

37.5	 (301)

	

34.6	 (278)

	

32,4	 (260)

The question of the use of a T56 gearbox with a T701 engine has been pursued

with Allison. This combination produces a counterclockwise prop-fan rotation

(looking forward) which permits the installation of the powrp1ant on the left

wing with the tip of the prop-fan approaching the fuselage from below. Thereby
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the estimated benefits of lowered induced drag and prop-fan noise may be

achieved. Allison indicates that the main power transmission gears of the T56

gearbox will take the larger T701 load while rotating in the opposite

direction, but he accessory drive gear train rotation needs to be reversed by

use of an idler gear so that the accessories which are driven by the gearbox

will have the appropriate rotational direction (oil pressure and scavenge

punt ps). This change is required because the direction of rotation of the T701

is opposite to that of the T56.

If tlw T701 engine is used with the T56 gearbox, it will be necssary to

restrict the engine power output to 5000 shaft horsepower (3,728 Kw) because of

gearbox power limitations. Allison indicates that this power range can be used

during testing on the DC-9 prop-fan testbed aircraft since these high power

levels will not be required for extended time periods. Thus the amount of

overall running time at high power accumulated on the gearbox will not be

great. Allison also estimates that higher values of shaft power input may be

possible if this level of operation is very limited in time and frequency. The

shaft power capability u the T701 engine at altitudes

above approximately 7,Ou0 feat (2134 m) i q less than the 5000 shaft horsepower

(3728 Kw) capability of the T56 gearbux. Thus use of the T56 gearbox at

altitude will not be horsepower limited and will not interfere	 Lh the

collection of the specified cruise data.

The T701 engine lubricating oil system is integral with the engine, and the ntl

is cooled by the ful that feeds the engine. The T56 gearbox has a separate

lubricating oil system which will require provisions for cooling. The T701

engine has not been in either military or commercial service. The T64 and the

T56 engine have established maintenance centers where these engines can receive

required service; the P101 has none. However, for the testbed prop-fan,

arrangements may possibly be made with Allison for maintenance of the T701.

The P701 provides adequate horsepower for a 9.5 foot (2.90 rn) diameter

prop-fan, compared with an 8 foot (2.44 m) diameter prop-fan with the P56 or 7

foot (2.13 in) diameter prop-fan with the T64. The larger diameter prop-fan is

a definite avnntage for the testbed program.
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T64 Eigine/Garbox

Tho T64 engine has a sea level static takeoff rating of 4380 shaft horsepower

(5fl1') (3266 Kw) and a 35,000 foot (10,668 in) Mach 0.80 rating of 1,920 SUl?

(1431 Kw). Using the 35,000 foot (10,668 m) rating along with the inaxlinurn

specified S1IP/D 2	37.5 (301 Kw/ . ), the maximum prop diameter permissible is

about 7 feet (2.13 m), assuming no losses. Of the three engines under

consideration the T64 has the lowest available Sil? and therefore must
necessarily have the smallest diameter prop-fan. On the other hand, its Eree
turbine design allows the engine to achieve the three prop-fan tip speeds

required by the NASA 'restbed Program without the need for throe separate

gearboxes or, alternatively, one gearbox with three sets of gears. Cenerai
Electric states that the present T64 gearbox may be modified to i single
configuration to provide the prop-fan speeds needed by the prop-fan testbed

program, however, it is mandatory that assurance testing of these revised
gearboxes he carried out before the gearbox is used on the prop-fan tetbed
program.

The T64 gearbox and engine havea common oil system. This feature call be
preserved for the prop-fan testbed installation. The engine and gearbox oil
are circulated through an airframe mounted and supplied oil-air beat exchanger.
The T64 engine 1.s used on the DelIavillarid DUC-5 Buffalo, the Shin Meiwa
Industries PS-1 ASW flying boat, US-] SAR utility amphibian, and the Acritalia
G.222 military transport. General Electric would consider bailing an
engine/gearbox combination to t'ASIt for use on che testbed prograni if the
engine/gearbox were to be subsequently refurbished to the "like-new" condition.

The gearbox can be used in either the pinion high or pinion low configuration.

Because the T64 has a free turbine, it is poaib1e to change the prop-fan tip
speed by changing the free turbine s. ed without losing a large 18r1 of the

available shaft horsepower. For example, at 35,000 feet (10,668 m) at Mach

0.8 9 the following tnaxi,nurn prop-fan power loading (SIIP/D2) will be available as
a funetioa of prop-fan tip speed.
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Prop-Fan Tip Speed
Ft/Sec (DI/sec)

Maximum Cruise POWQL Loading
SHP/D 2 	nb 1e(Kw/m2)

7 1 (2.3 m) Prop-Fan

800
	

(24'i)
	

37,5	 (301)

700
	

(213)
	

34.4	 (276)
600
	

(183)
	

31.4	 (252)

However, the relatively snii11 diameter prop-fan of 7 feet (2-13 m) wh111 is

compatible with the T64 engine, is quite a disadvantage to this tes tbcd
prop-fan program

T56 Engine/Gearbox

The T56 engine has the advantage of powering in-service U. S. Military and

conunercia]. aircraft. It also has a long history of dependability; and its
current u3dge In these U. S. aircraft shows it to be readily maintainable at n
number of military installations. The gearbox and extension shaft also have a
long history of service with the T56 engine In the 0-130, P-3, C-2/E-2 and the
Electta aircraft. The gearbox is used in both the pinion high and pinion low
conf igurntions. The means of maintaining these components are also relatively
widespread in the U.S. and should not present serious problems in this respect
if they are used In the prop-fan testbed program.

Relative to the T701, the low shaft horsepower available from the T56 engine
(2,450 [557 KwJ at 35,000 feet [10,668 mi and Mach 0.80) results in a small
prop-fan (about 8 foot (2.44 rn] diameter assuming no losses) to achieve the
S1)CCitled maxirnum SHP/D 2 it 37.5 (301 Kw/rn2 ). Another disdvuntnge to the use of
the T56 for the prop-fan tetbcd engine stems from the fact that it is a single
spool engine in which c'ngine power drops off rapidly as engine RPM is
decreased. This is demonstrated in the following tablet
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1't.'rvtut of Rited

-	 1flO	 -- S1i J4
Ft/See, (m/nc)

100	 500	 (244)

8715	 700	 (211)

75	 600	 (181)

ftxLiiiu Crtitic Power Lo1 u
_SJIL L A 1nbI	 KwJj-

8 Ft. (2,44 w) Uiumutor
Prop-Fim

	

37.5	 (301)

	

22.5	 (181)

	

17.1	 (139)

Ihiii5ü 1'awtr t.OUtt('%8

jL02 1 (Ku/in

	

37.5	 (301)

	

30.0	 (241)

	

26,0	 (209

Allison his proposed that the testbed DC-9 use either three separate gearboxes

or that one gearbox for the T56 installation be reworked with extra sets of
gears to achieve the three prop-fan tip speeds specified in the NASA Statement

of Work.

It is currently envisioned that the control system for the T56 engine and the

prop-fan on the testbed DC-9 will be the same as that which is in use on the
C-130. Here an air/oil heat exchanger is used co cool the engine and gearbox

lubricating oil. The feasibility of using the existing C-130 overall control
system will receive further study if the T56 engine is one of the two cnrried

until the end of this prop-fun testbed systems study.

If a T56 engine/gearbox combination is used on the DC-9 testbed nircraft
without change, a clockwise rotation of the prop-fan (iooking forward) will

result. For upward rotation of the propeller toward the fusolnge, which is

desired to minimize induced ding and cabin noise, installation an che

right-hand wing Is required. However, depending on the spanwise location of

the engine, the access to the existing DC-9 fueling/defueiin.g control panel may

have to be modified.
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LARGI SCALE PROP-FA1/PR0P-FAN CONTROLS

As part of Task 11, Hamilton Standard suggestions of candidate pop-fa" control

schemes For both solid shaft and free turbine engines are discussed herein.

In selecting a gas turbine drive for the large scale prop-fan, various aspects

concerning the operation of tha propeller control must be considered.
Consequently ) a study is undertaken to evaluate the feasibility of modifying an

existing propeller control 80 that it can be adapted to a testbed drive system.

The use of an all-new control is also considered. The various prop-fan

configurations are based on a full scale SR-3 prop-fan configuration with 8 and

10 blades in 8 and 10 foot (2.44 and 3.05 m) diameters. At 800 feet per second

(243 m/sec) tip speed, the corresponding prop-fan speeds are 1,910 and 1,528

RPM(200 and 160 radians/sec), respectively.

54H60 Propeller Control and Modifications Reguired

The prop-fan control selected is used with the 541160 propeller on the Lockheed

C-130 and P3 aircraft. It readily fits a 60 spline shaft such as is used on

the T56 engine, and it also is the control with the highest pumping capacity.

In addition to being compatible with the T56, a solid shaft cngine, it is also
compatl1e with Le T701, a free turbine engine. However, with this T701

installation, additional modification to the 541160 control wiLi. be  required in

order to obtain speed variability. The 54R60 control presently operates at

1020 RPM (107 radians/sec) and Is designed for pump flows of about 60 quarts

per mirtute(.946 i/sec). A whirl test was performed on a modified 541160 control

and propeller hub to determine the feasibility of operating at 1,800 RPM (188

radinns/sec)(i.e., 80 percent above the design speed) and the capability of

withstanding the loads imposed at this speed. It was concluded from those

tests that the 54H60 control, with minor modifications, can be operated at

1,800 RPM (188 radians/sec) if adequate cooling is provided to the transfer

bearing. The minor modifications include removal of Items such as flyweights,

low pitch stop levers, the main pump drive gear, speed bias and linkage;

blockage of the standby valve, increase in the transfer bearing clearance, and

Insertion of a new beta feedback cam.
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In order to use the 541160 control for an 0 to 10 foot (244 to 3.05 m) prop-fan,

several modifications are required. The proposed modifications are based on

preliminary study and are as follows:

•	 replace standby pump drive gear;

•	 increase transfer bearing clearance;

•	 remove speed bias hardware;
•	 redcign governor flyweights and speeder spring;

•	 remove differential gear train for beta control;
•	 remove or revise brushblock;

•	 add external heat exchanger;

Hamilton Standard has concluded that the use of this control with modifications

such as above is feasible for the prop-fan sizes mentioned. Table 2 shows

estimated pitch change rates which are achievable.

TABLE 3

PROP-FAN PITCH CHANGE RATES

PITCH CHANGE RATE
Deg/Sec (radians/sec)

Diameter	 No.	
zfa1u & Mod

't (m)	 Blades	 Main Pump Only	 Standby Pumps -

8 (2.44)	 8	 9.05 (.158)	 14.5 (.253)

8 (2.44)	 10	 16.31 (.285)	 26,2 (.457)

10 (3.05)	 8	 3.92 (.068)	 7.8 (.136)

10 (3.05)	 10	 7.11 (.124)	 14.2 (.248)

It can be seen that the 8 foot (2.44) diameter prop-fan with 10 blades has the

highest pitch change rate of about 26 degrees per second (.457 radians/sec).

This can be compared to a typlcal propeller blade angle pitch change rate of

20-30 deg./sec (.349-.524 radians/sec). The other configurations have pitch

change rates well below rates considered acceptable for rapc.d transients. It

is assumed that the standby pump can be reslzed to provide a 60 qprn (.946
1/sec) flow rate when operating with the existing main pump.
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The existing standty pump cannot be utilized because the pump flows would

approach 90 qpm (1.350 1/sec) and the resulting line velocities would be

excessive, thus generating high friction and excessive heat. This also leads

to foaming and cavit1tion. It is recommended that the traner bearing

clearance be increased for cooling, and that an external heat exchanger be

added. For the 60 qpm (.946 1/sec) flow rate, it is recommended that a AP of

approximately 1,000 psi (70.32 kg/cm2) across the piston be used instead of the

600-700 psi (42.2 - 49.2 kg/cm2) which is typical on the existing control.

This control is capable of operating at 1,000 pal (7032 kg/cm2) since its high

pressure relief setting is about 1,250 psi (87.90 kg/cm2).

New Propeller Contro].

Since it has been determined that the 541160 control with modifications is

feasible for a prop-fan research vehicle in the size studied, the discussion of

new controls shall be limited. First, consider why a new control might be

desired. The reasovts which seem plausible are:

•	 pitch change rates must be higher for transient tests, or

•	 further, more detailed, study of the 541160 control reveals an

inadequacy not currently known.

Of course, i new control can be built fcr the testbed, but it will look

very much like a 541160 control since it must be compatible with the T56

gearbox and its 60 spline shaft. Allison advises that there is no access

through the gearbox shaft centerline or planet carrier. Therefore, a

shaft mount transfer bearing is required just as presently used. A new

control will require an increased flow and/or pressure system to yield

higher pitch change rates. Pitch control systems such as used on the

Q-Fan Der nstrator, or QCSEE, required access through the gearbox and are

not applicable here. An alternate to a new shaft mounted control is a

rotating pumping syctem where the control is mounted out on the rotating

hardware. This arrangement has been previously accomplished

experimentally, but does represent an all new control development program

which is considered unnecessary and offers no advantage.

52



Free Turbine vs. Single Shaft Engine Controls

The last area investigated deals with control functions and the application of

the control to a free turbine (dual shaft) versus single shaft engine. As

mentioned earlier, the 54H60 control is compatible with either type of enginc

it is already coupled with the T56 engine in the P-3 and C-130 aircraft. A

single shaft engine requires a negative torque sensing (TS) system which

prevents gearbox decoupling during airstart but accomplishes decoupling during

excessive windmilling RPM to prevent high drag. This feature may not be

necessary for the prop-fan hardware if the gearbox decoupler is eliminated and

an alternate means of protection against excessive drag is instituted. This

latter decision may be influenced by the aircraft type being considered and the

impact of high drags. The NTS is the only prop-fan control hardware difference

between the two engine types.

Pitchlock

It is recommended that the prop-fan rotating hardware incorporate a pitchlock

device of some type which will prevent overspeeds in case of inadvertent blade

angle decreases. Use of the 541160 type pitchlock is not feasible in the

prop-fan type actuator, nor is the prop-fan pitchlock concept compatible with

the 54HC3 type control. The easiest way to handle the problem is with a ground

adjustable stop which is set before each test to a blade angle Just below the

anticipated test angle. This type of stop would require numerous landings and

resettings. So while it is easily accomplished, it is not convenient for

testing. An alternate to this is an electrically oper 'd in-flight adjustable

stop. Such a stop is certainly feasible but requires careful use so that the

stop location is always known; otherwise its protection is useless. The last

and most sophisticated method of achieving pitchlock protection is an in-place

type lock similar to the concept used on the commuter propellers and which is

planned for the production prop-fan. This concept requires incorporation of a

beta control loop in the prop-fan itself. In order to provide a rotary signal

to operate the pitchlock, a hydraulic motor circuit is required to introduce

the requested blade angle. A modification to the 54R60 control is required to

provide a pressure to the hydraulic motor located in the hub.
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Normal Governing, Feathering and Reversing

Other operations performed by the prop-fan control include normal governing,

fecithering and reversing. Normal governing can be handled easily T 
y a modified

or a new control for either engine type. The type of engine has no bearing.

Feathering will probably be slow (low pitch change rate); and feathering out of

an overspeed where higher pitch change loads exist may not be possible with a

modified 541160 control. However, with adequate overspeed 'rotecUon, this may

be of little consequence. UnEeathering should not be a problem with the

modified control. Use of an auxiliary electrically operated hydraulic pump

already on the 541160 control will be used. Reverse operation with the 541160

control is in n beta mode where the pilot controls the blade angle and the

engine coordinator maintains a schedti1'd fuel flow to keep the RPM constant.

This control does not govern or oontrol RPM in reverse as it does in normal

flight operations. The reversing scheme for the prop-fan will probably be

fixed blade angle reversing. While this may impact solid shaft engine

operation, it is not a problem for the control. The blade angle will simply be

directed to decrease pitch until a stop is reached, For tb.'multi-bladed

prop-fan, a beta control system has not been deinod. Such a system can
probably be designed and developed if necessary; hnwvor, this system does not
seem to be warranted for this propulsion testbed progam.

While a modified 541160 control, or even n new ontro1, appenrs to be able to
handle the desired propfan functions discussed above, there are some points

concerning engine type to discuss further. Maintaining constant RPM during

operations such as reverse will be difficult with a fixed blade angle. Speed

control will have to be maintained by the T56 engine overapeed governor or

controller; this requires further study. There ia no problem of this type on a

free turbine engine. Another area of concern on a solid shaft eflgine is with

the use of a fixed pitchlock stop. For example, assume the pitchlock stop is
set just below the test blade angle and then power is retarded. The blade
angle will stop at the setting and the RPM will then want to decrease with
Further power reduction.

Assuming the test is being accomplished at 0.8 Mach and the desired test blade
angle is 57 degrees (.995 radians), a 60 percent decrease in shaft horsepower
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requires a 4 degree (.070 radians) decrease in blade angle to maintain 100

percent RPM. If a stop is set just a few degrees below the desired test angle,

then a power retardation may result In a RPM dropoff. Again this requires

further study. Lastly, the airstart procedure may be more difficult an a solid

shaft engine if the pitchlock stop is set such that 100 percent speed cannot be

achieved at flight idle power setting. Further coordination with the engine

manufacturer is required.

Prop-Fan Control Capability

In summary, a modified propeller control is feasible for a prop-fan of 8-10

feet (2.44-3.05 m) diameter. For each sizes, ten blade configurations have

higher pitch change rates (Table 3). In three of the four configurations

considered, transient capability is quite poor. In only one case is it

reasonable. All propeller control features can be provided with a modified

control. There are potential problems with either a modified or new control

associated with using a single shaft engine. However, none of these problems

are insurmountable.

Prop-Fan/Nacelle Compatibllity

Hamilton Standard will coordinate with Douglas in evaluating candidate drive

systems for compatibility and suitability in meeting technical objectives. The

nacelle size and shape are critical aerodynamically, since it has been

determined analytically as well as in prior Hamilton Standard model design work

that nacelle shape has a significant influence on inboard blade flow

characteristics. In order to maintain adequate choke margins in the root area,

the question of nacelle size and contour for a prop-fan rotor size of a

specific engine is also important.

Utilization of an 8 foot (2.44 in) diameter prop-fan on the T56 engine and a 10

foot (3.05 m) diameter prop-fan on the T701 engine indicates that excessive

blockage exists with the existing P-3 nacelle. Modification of the P-3 nacelle

for use with the T56 engine requires either engine inlet resizirkg or a smaller

overall nacelle diameter. Utilization of a new nacelle on the T701 engine

results in blockage characteristics compatible with the prop-fan concept.
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Figures 6 and 7 indicate that the velocity ratio V/Vo, is low and the

efficiency, n, is high for the P-3 application when compared to the SR-3

prop—fan configuration. The results for the ?-3 were based an measurements in

a model test at MN = .75, and extrapolated to MN	 08. The SR-3 results are

theoretical, and utilize a nacelle exhibiting a diameter which is 35 percent of

the diameter of the prop—fan with 110 inlet.
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SHP/D2
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kW/m2

FIGURE 6. PERFORMANCE COMPARISON BETWEEN P3A VERTICAL RAKE AND SR-3 PROP-FAN
WITH 35-PERCENT BODY
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FIGURE 7. BLOCKAGE COMPARISON BETWEEN P&A VERTICAL RAKE AND SR-3 PROP.FAN
WITH 35-PERCENT
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COCKPIT CONTROLS AND INSTRUMENTATION

A review of the necessary constraints on available space and cockpit procedure

has been made to assess the suitability of the DC-9 as a platform for the

prop-fan testbed. This examination shows that the most suitable cockpit

arrangement is to mount the prop-fan drive system controls on the cockpit

center console, in the vicinity of the existing controls for the Pratt and

Whitney JT8D, the basic propulsors for the DC-9. This arrangement will permit

control of the prop-fan drive system by either the pilot or the co-pilot. In

the event of an emergency one flight crew member can assume control of the DC-9

while the other member controls the prop-fan drive system. There is adequate

space for these controls near the center console. The modifications to the

aircraft are not extensive and will not compromise the basic safety of the DC-9

testhed aircraft.

The cockpit instrumentation will be held to a minimum yet will be adequate to

allow for starting, stopping, accelerating, decelerating and otherwise

controlling the prop-fan drive system. It will also allow for monitoring and

setting the key prop-fan drive system operating parameters. This

instrumentation will be installed closer to the co-pilot's station but will be

clearly readable by the pilot. These control/ instrumentation arrangements are

simplified on the DC-9 because there is such good cross--cockpit visibility and

proximity which is a product of the basic two-man cockpit design of the

aircraft. The cockpit instrumentation which has been preliminarily identified

are conce. d with the following:

o	 gas generator speed

o	 power turbine speed (or prop-fan RPM)

o	 power turbine inlet temperature

o	 engine fuel flow rate

o	 gearbox output torque

o	 gearbox and engine oil pressure and tempertnre.
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DRIVE SYSTEM SUMMARY

The foregoing discussion of the characteristics of candidate drive systems for

the prop-fan testbed aircraft is summarized in the following figures:

ITEM	 ENGINE

	

T701-AD-700	 T56-A-16	 T04P4D

GEARBOX	 MODIFIED T5D	 MODIFIED T58	 MODIFIED T644

AVAILABLE SHAFT HORSEPOWER (kW)

SEA LEVEL	 0050 (6002)	 4591 (3423)	 4380 (3266
35,000 FT (10,669 ni) 	 3825 (2703)	 2450 (1826)	 1020 (1431

GEARBOX POWER LIMIT HP (kW)	 5000 CONT (3728)	 5000 CONT {4728)	 3400 CONT (235)
6000 SHOAT (4474)	 6000 SHOAT (4474)

	

TIME	 TIME

OWER .TURBINETYPE	 -- - FREE	 FIXED SHAFT	 FREE

-_ WEIGHT WITH GEARBOX - LB (kg) 	 - 1810 !B21)	 1843 (835)	 1186(539) -

LENGTH - IN. (cm) 	 124.55 (316.361	 145.98 (370.78) 	 110.20 (270.01)

WIDTH - IN. (cni) 	 30.55 (77.6) 	 27.26 (69.2)	 29.49 (74.9)

HEIGHT - IN, (cm)	 - 40.12 (117.2)	 41.38 (105.1) 	 45.92)	 6)

AVAILABILITY	 5 IN STORAGE	 IN PRODUCTION	 IN PRODUCTION
BA(I. FROM ARMY

	

FIGURE 8. CANDIDATE PROPELLER DRIVE SYSTEMS 	 $p-aLN 2M490

SHP/D2 , (kW/m2)

TIP SPEED -	 T701	 T56	 T64
FT PER SECOND	 RPM	 MIN	 10-FT ('.05 m)	 8-FT (2.43 m) 7-FT (2.13 m)

(m/SEC)	 (PERCENT)	 REQ	 PROP	 PROP	 PROP

800 (244)	 100	 37.5 (301)	 37.5 (301)	 37.5 (301)	 37.5 (301)

700 (213)	 87.5	 30(241)	 34.6 (278)	 22.5 (181)	 34.4 (276)

500 (183)	 75	 26(209)	 32.4 (260)	 17.3 (139)	 31.4 (252)

37OA

FIGURE 9, ESTIMATED CAPABILITY WITH FIXED RATIO GEARBOX (PROPELLER SIZED AT 800 FEET
PER SECOND (344 m/SEC) AT CRUISE)
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ENGINE

ITEM	 T701-AD-700 T56-A-15	 T64.P413

MAXIMUM CRUISE SIZED
PR0PELLEF DIAMETER -- FT, (ni)	 9.5 (2.90)	 8.1 (2.57)	 7.2 (.19)

NACELLE BLOCKAGE' 	 ACCEPTABLE	 HIGH	 UNACCEPTABLE
0,34	 0.40	 0.43

GEAR REDUCTION RATIO 	 7.5:1	 7.2:1	 6.2:1
8:1
9:1

* HAMILTON STANDARD CRITERIA (035)
(NACELLE BLOCKAGE IS A CRITERIA ESTABLISHED BY HAMILTON STANDARD AND IS THE RATIO
OF THE NACALLE EQUIVALENT DIAMETER 10 THE PROP-FAN DIAMETER)

AG-GEN17519U

FIGURE 10. PROPELLEP DRIVE SYSTEM COMPARISON SUMMARY

As can be seen from F' -.ri-s. 8,9 and 10, the results of the evaluation of the

three available prop-fan drive systems clearly indicates that the Allison T701

with the T56 modified gearbox i.. the best choice for the testbed aircraft. The

primary influencing factors in tiis decision are that

•	 the T701 engine deveiops enough power at cruise to drive a 9.5 foot

(2.90 tn) diameter prop-fan at design speed and power loading; and

•	 the free turbine design provides the engine with the flexibility

required to accom idate tip speed and power loading variations

over a wide operating range without entailing gear changes.

Also, the Allison T701 engine has a commercial counterpart (570) which may be

used as a back-up engine in case the T701 becomes unavailable for use on the

testbed aircraft. This 570 commercial engine differs from the T701 by only a

minor weight increase (15 percent) due to material substitution of some steel

for titanium in the engine case.
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The verification of the structural and performance integrity of the installed

prop-fan is vital to the prop-fan aircraft testbed program. As stated

previously, the aim of the prop-fan LeStbed prograrn is to provide verification

in an expeditious manner by utilizing an appropriate existing engine/gearbox

hardware and an existing large scale prop-fan design. It is necessary that the

diacnetr of rlic prop-fan used for the testbed be as nearly full-scale 88

possible 80 that scaling does not become a problem. Thus the T701 with its

capability to swing a 9.5 fo.,t (2.90 m) diameter prop-fan is particularly

desirable.

The second choice for the drive system is the T56 engine and gearbox. This

drive system is sufficient to power an 8 foot (2.74 in) diameter prop-fan, but

its single shaft design requires physical changes of gears in order to meet the

minimum required combination of tip speeds and power loadings. Additional

hardware, flight test time, and cost are likely to be incurred with this drive

system.

The T64 Is the least suitable of the three engines for the . ed prograin

because it can only accommodate a 7 foot (2.13 m) diameter prop-fan.

Considering that the testbed program is primarily aimed at investigating

prop-fan structural integrity for a representative blade constr"ction, it is

desirable that the prop-fan be substantially larger than 7 foot (2.13 tn)

diameter.

The recommended prop-fan drive system, including the selection rationale, is

summarized as follows:

SELECTION
	

REASON

Free Turbine	 Precludes need for multiple gear ratios and

enables independent setting of RPM and pitch

T701	 Enables largest diameter propeller tests

Modified T55 Gearbox	 Low cost
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TASK 111

CANDIDATE TESTBED AIRCRAFT

INITIAL SURVEY OF POSSIBLE CANDIDATES

In work prior to the initiation of the study, Douglas Advanced Engineering had

surveyed several candidate aircraft which might be suitable as a prop-fan

testbed vehicle. The rationale and requirements for selection of a suitable

aircraft are as follows:

•	 testbed must be capable of Mcruise of approximately 0.8 at 30,000

feet (9,144 m) or greater;

•	 test engine/prop-fan is not part of the primary propulsion system;

•	 testbed configuration locates the prop-fan in the proper flow

environment compatible with an actual prop-fan aircraft

arrangement;

•	 prop-fan testbed configuration must be representative of the airframe

interaction to be expected in an actual aircraft design;

•	 testbed must be capable of providing verification of existing

wind tunnel results and analytical prediction methods;

•	 minimum modification to the basic aircraft for the testbed is

desired, therefore, the cost of the program is minimized;

• basic design data for the testbed aircraft (such as structure,

aerodynamic, and fabrication) must be readtly avaQable to the

Contractor;

o	 it is desirable that the testbed aircraft be directly	 inted toward

a commercial aircraft configuration;

o	 testbed should be compatible with a first flight of approximately

1985;

o	 configuration should be compatible with an approximate 10 foot

(3.05 m) diameter prop-fan for the testbed the large diameter

prop-fan is a definite plus and is a desirable feature from Hamilton

Standard's point of view of having the testbed prop-fan sufficiently

large that extrapolation of results to the full scale case is

reasonable and valid.
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During the pr'-study, survey the aircraft other than those of Douglas which

were reviewed on a preliminary basis as potential testbed candidates included

Lockheed Electra and C-141, Boeing 13-52, 707, 727, 737, and C-14. These
aircraft were judged inappropriate on such bases as:

o	 Incapable of sustained Mcruise of approximately 0.8 at

30,000 feat (9,144 ui);

o	 ground ciearanre problems;
o	 Inability to provide proper flow environmental conditions

and thus to provide a basis for verification of existing
analytical results.

Those Douglas aircraft surveyed as a possible testbed were the DC-8, C-15,

A-30, and DC-9. Possible DC-8 arrangements, utilizing the existing structural

hard points, incurred low prop-fan ground clearances. Also, the DC-8 is a more
expensive aircraft for n testbed than the DC-9.

The C-15 does not have n passenger interior, is not a Mach Number	 0.8 cruise
aircraft, and does not provide n particularly good location of the ptop-fan

relative to the wing. The A-31) aircraft is capable of the M 0.8 cruise and
adequate ground clearance for a prop-fan installation of at least 13 feet

(3.96 m) diameter; however, the A-SD aircraft is a military design and

consequently the fuselage is not characteristic of a passenger fuselage from
the pressurization aspects, th interior acoustic treatment, or from the
geomtric cross section.

On the basis of the above mentioned criteria, the DC-9 with a wing-mounted

prop-fan installation 1.s judged a most appropriate testbed aircraft.
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ADVANTAGES OF DC-9 AIRCRAFT AS SELECTED PROP-FAN TESTBED

The DC-9 aircraft, either a -10 or n -30 version, Is a particilarly sound

selection for the NASA prop-fan testbed research aircraft for the following

reasons:

o	 The DC-9 is an available aircraft which is low cost from both the

acquisition and operational points of view.

o The DC-9 is a Douglas aircraft and consequently full knowledge of the

aircraft detail design, flight clinracteristics, and modification

know-how are immediately available to Douglas and to the NASA advanced

turboprop project.

o	 The aircraft 1.s a commercial vehicle which enjoys an enviable

reputation among the airline users.

o Either the -10 or -30 aircraft may be made available for the testbcd;

however, the -10 is more co q '-effective from the inittal, investment

point of view. Either aircraft Is efficient costwiso as a testbcd.

The immediate availability of the specific aircraft may be dependent

on the timing of the program requirement for acquisition of an

airplane.

0 No modification of the aircraft is required except for the wing

installation of the prop-fan/engine/nacelle. The wing is not expected

to require beef-up; with the possible exception of the low speed/low

altitude one-engine-out condition, the existing empennage is adequate

to meet the aircraft stabitity and control requirement for an

asynunetical testbed arrangement with nrie prop-faa nacelle mounted on

the wing.

o The prop-fan may be properly placed on the wing to acquire the

practical prop-fan interactions which may be encountered in an actual

design - such as nacelle/wing, prop-fan/wing, and prop- f an/ fuselage

interferences.
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o	 The desired 10 foot (3.05 UT) diameter prop-fan installation on the

testbed is feasible.

o The general arrangement ot the testbed prop-fan/ engine/nacelle/wing

structural integration is representative of an actual aircraft design

where maintainability is also of key importance.

o The results of a survey performed by Douglas throughout representative

airlines., as part of the NASA DC-9 Prop-fan Feasibility Study Contract

NAS2-10178 (Reference 3), were unanimous that the sizing of the first

prop-fan commercial aircraft should have approximately 155 to 165

passengers and Mcrujse .80. This is typical of a Douglas DC-9-80.

In all cases ; the airlines' estimate the first actual commercial

prop-fan aircraft should be in the size and performance category of

the DC'-9-30 to th, 	 9-80. Therefore, the use of the DC-9--10 or -30

as the testbed air	 _t affords compatibility with a praciicl and

likely commercial aircraft.

0 The DC-9-10 (or -30) prop-fan testbed aircraft is particularly

amenable to measurement of prop-fan acoustic effects driug flight.

Valid measurement of the prop-fan near and far field acoustic

characteristics can be obtained from flight test on th' DC-9--10

testbed. Operation of the two basic JT8D turbofan engines, in

conjunction with the prop-fan propulsion system, does not result in

bacckground noise levels which will interfere with the prop-fan noise

spectra for near and far field noise measurement.

During cruise flight, the first several harmonics of the prop-fan

noise signal will be easily discernible above the boundary layer noise

and turbofan engine noise at near field locations of interest on the

fuse1ag. This conclusion results from knowledge of the external

acoustic environment of the production turbofan DC-9-10, gained from

flight test data, compared with prop-fan noise estimates. On the

production turbofan DC-9--10, engine noise impinging on the fuselage

only becomes apparent in the rearmost portion of the passenger cabin,

which is aft of the area of interest on the testbed aircraft.
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Prop-fan fir field noise can be measured using the testbed aircraft

during static and taxi testing with no problems involving

contamination of the prop-fan noise signal by extraneous noise

sources, such as turbofan engine noise. If far field noise

measurements during flyovers become a possibi1ity, the problem of

signal contamination can be avoided by limiting the turbofan thrust

(this mny suggest the measurements be made while the aircraft is in

slight descent).

DC-9 TESTBED CONFIGURATIONS

Three views of the prop-fan tcstbed OC'- g-lO aircraft are presented in Figures

11 and 12 for the Allison curboshaft T701 and the	 6 single engine

installations. Three-views of the two prop-fan nace1^	 tallations on the

DC-9-10 and DC-9--30 are shown in Figures 13 and 14. The principle differences

between the DC-9-30 and the DC-9-10 from the standpoint of a prop-fan testbed

are as noted:

o The DC-9-30 aircraft has leading edge slats which the -10 does not.

In the case of the -30, these leading edge slats, or porLiotis thereof,

must be deactivated due to the prop-fan nacelle installation.

o	 In order to prevent excessively high sideslip angles, the rudder
deflection of the DC-9-30 has been limited to 17.2 degrees (.300

radians) at flap deflections of 15 degrees (.262 radians) and above

and to 13.2 degrees (.230 radians) for flap deflections below 15

degrees (.262 radians). The rudder deflection on the DC-9-10 is not

limited but utilizes the full 30 degree (.524 radians) deflection;

therefore, it is probable that the -10 testbed may b safely .operated

at lower speeds at low altitudes than the -30 testbed.

The existing empennage of the DC-9-10 is capatle of providing adequate

stability and control for the asymmetric prop-fan testbed configuration;

however, a small restriction on the iow speed/low altitude envelope may need to

be imposed in deference to the one-engine-out condition.
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PROP-FAN PROPULSION SYSTEM
(1) ALLISON T701 TURBO HAFT ENGINE
IIL_HAMI LTONSTANIDARb

— foroI (3,05 m) DIAMETER PROP-FAN
NOTE-

WING INSTALLATION COMPATIBLE WITH
ENGINE ROTATION 50 THAT PROP-FAN
ROTATES LI P-INBOARD TO THE FUSELAGE

[I4.2 IN. Z7.2fl	 0.5 DEG \

3.DEODIHEDRAL

	

18 FT 4.2 IN. (4.9 ml	 104 FT 4.8 IN. (31.7 m)

—2.50 RELATIVE 
IQ &_	 27 FT

"Icl u n000-1049,9&_47IN 	 6.92 IN.
BASIC DC-9 TURBOFAN ENGINES REMAIN
ON TEST8ED AIRCRAFT AND SUPPLY
POWER AS REQUIRED	

43 FT 8 IN (13 3m(3. 
FT 0.1 IN. (27.9 m)--o

Iø'GEN 2431P.

FIGURE 11. DC-9-10 PROP-FAN TESTBED — ONE ALLISON T701 ENGINE

PROP.FAN PROPULSION SYSTEM
Ill ALLISON T56 TURBOSHAFT ENGINE
TITHAMILTON STANDARD

8•O0T (2,44 m D1METER PROP.FAN

NOTE:
WING INSTALLATION COMPATIBLE
WITH ENGINE ROTATION SO THAT
PROP-FAN ROTATES UP-INBOARD
TO THE FUSELAGE

69 FT 4.2 IN. (27.2 m

—- - EG DIHEDRAL	
•1

16 FT 4.2 IN. (4.9 m)

27 ET 6.92 IN.	 o8a
_____________________	 BASIC DC-9 TURBOFAN ENGINES

	

92 FT 0.1 IN. (27.9	
43 IT 8 IN. (13.3 m)	

REMAIN ON TESTBED AIRCRAFT
AND SUPPLY POWER AS REQUIRED

so IEN ?4IA

FIGURE 12. DC-9-10 PROP-FAN TESTBEO - ONE ALLISON T56 ENGINE

361F1
10.2 IN.

04 FT 4.8 IN. (31.7 rn)



0.5 DEG

-119 FT 3.43 IN. (36.4 m)

36 FT 102 IN.

pt

GF

/
X 222

DEG

PROP-FAN PROPULSION SYSTEM
(2( ALLISON 1701 TURBO .SHAFT ENGINES
I2I HAM] LTON STANDARD

6FOT13.05 m} DIAMETER PROP-FANS

NOTE:
ENGINE ROTATION COMPATIBLE
WITH PROP-FAN ROTATION
UP.INOOARD TO THE FUSELAGE
ON D')TH SIDES OF THE AIRCRAFT

89 FT 4.2 IN. (27.2 ml

EG DIHEDRAL

k

-
FI 102 IN,

1-

16 FT 4.2 !N, 14.9 ni( 	 104 ET 4.8 IN. 131.7

7
27FT5.02IN.

BASIC DC-9 TURBOFAN ENGINES
REMAIN ON TESTBED AIRCRAFT
AND SUPPLY POWER AS REQUIRED

	 43 FT  IN. (132m(-'I
92 FT 01 IN. (27.9 m)

FIGURE 13. DC-9-10 PROP-FAN TESTBED -TWO ALLISON 1701 ENGINES

PROP-FAN PROPULSION SYSTEM
(2) ALLISON 1701 TURDOSHAfl ENGINES
12 HAM[[TON STANDARD

10-FOOT (3.05 m) DIAMETER PROP-FANS
NOTE:

ENGINE ROTATION COMPATIBLE
WITH PROP-FAN ROTATION
UP.INBOARD TO THE FUSELAGE
ON BOTH SIDES OF THE AIRCRAFT

 4.2 IN. (28.5 m)

-- -A.

i	
3-DEG

16 FT 4.2 IN. (43 m)

ASIC DC.9 TURBOFAN ENGINES
REMAIN ON TESTBED AIRCRAFT
AND SUPPLY POWER AS REQUIRED

.5 DEG .47IN.

FT 2 IN (1624m)-
107 FT 0 IN. (32.6 m)

27 FT 5.92 IN.

IOGN-27&20A

FIGURE 14. DC-9-30 PROP-FAN TESTBED - TWO ALLISON 1701 ENGINES
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Stabitity and Control Characteristics

Figure 15 presents the flight envelope showing stability and control for the

1C-9-10 prop-fan testbed.

01	 1

50	 100	 150	 200	 250	 300	 350	 400	 450
EQUIVALENT AIRSPEED (KNOTS)

1	 1
(100) (200)	 (300)	 (400)	 (500)	 (60))	 (700)	 (800) (900)

EQUIVALENT AIRSPEED (km/HR)

FIGURE 15. PROP-FAN TESTBED FLIGHT ENVELOPE FOR STABILITY AND CONTROL

The high-speed limits are set at MFC/VFC and are the same as for the basic

DC-9-10. Minimum lg flight speed at 80,000 pounds (36,281 kg) gross weight

with flaps up is shown as a lower limit. The gray area illustrates a region

where asymmetric thrust due to operation of the turboprop will require

increasingly large sideslip, bank angle, and control deflections as speed

decreases. This region must be investigated in flight test to denionstr&te

controllability. The desired M 0.5 and 0.8 flight conditions are tndicatnd

in the foregoing figure. The flight envelope of the DC-9-30 is nearly the sane

as for the DC-10-10 with only small differences in the high-speed limits. The

low speed limits and flight test requirements remain the same.
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Because of the destabj1.izfrg effect of the prop-fan system on

longitudinal stability, the aft center-of-gravity limit must be moved forward

3 percent MAC (mean aerodynamic chord), from the basic DC-9, for each prop-fan

system used. The resulting aft center-of-gravity limits for the Series 10 and

30 DC-9 with one and two prop-fan systems will be as shown below.

DC-9 Series

10

10

30

30

No. of Prop-fans

1

2

1

2

Aft C.G. Limit

%MAC

36

33

31.7

28.7

For the single prop-fan configuration the lateral control performance In the

low-speed flight conditions will be degraded to some extent by virtue of the

loss of flap area under the prop-fan nacelle. This flap asyminetry requires the

use of 15 percent of available lateral control authority to balance when

20-degree (.349 radians) flaps are used and 20 percent of available authority

when 50 degree (.873 radians) flaps are used. No lateral control is required

to offset the prop-fn system weight in the single-engine configuration because

ballast 18 added in the opposite wing to balance the airplane laterally. Thus

the nuisance roll response to pitch maneuvers with laterally unbalanced

airplanes is avoided. The added rolling moments of inertia created by the

prop-fan system and ballast weights will cause a reduction in roll control

response or roll acceleration by as much as 33 percent. Another 17 percent

reduction in roll response will occur as a result of the lost spoiler area.

These losses are significant in the 1 'w speed condition and may require

overspeeds of approximately 20 percent U lateral control responsiveness is to

be retained.

Although the two-engine configuration does not have the asymmetry problems of

the single-engine configuration, it too has the degraded roll performance

resulting from increased rolling inertia and reduced spoiler area. A similar

overspeed considerction 1s recommended for this configuration.
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Stall speeds and resulting reference speeds are e'.pected to increase with the

ucipowered prop-fans. Confirmation of these speeds must be obtained from

wind-tunnel test data and established for the flight evaluation program. These

new higher reference speeds are likely to accommodate, to itne extent, the

overspeeds suggested for roll performance.

A stick pusher system is designed and currently available for the DC-9. This

system could be employed on the testbed airplane, if necessary, to avoid stalls

by programming the pusher trigger point to whatever angle of attack schedule is

appropriate.

DC-9 Prop-fan Performance Estimates

Cruise Capability

The limiting operating points assumed for the performance spectrum are those

shown in Figure 16 and are representative of the boundaries of the DC-9

prop-fan aircraft flight envelope.

IoLroaa.

FIGURE 16. DC-9 AIRCRAFT OPERATING POINTS ASSUMED IN PERFORMANCE SPECTRUM
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In order to determine the capability of the DC-9-10 prop-fart aircraft to

provide adequate cruise time as a prop-fain testbed, estimates of cruise times
which will be available to test prop-fan engine combinations are determined for
the assumed six Mach number/altitude teat conditions. The variables considered
are

2 airplanes:	 DC-9-10 or DC-9-30

2 test engine/prop-fan combinations: Allison 701 engine with 9.5 foot
(2.90 m) diameter prop-fan

Allison T56 engine with 8.1 foot
(2.46 m) diameter prop-fan

2 configurations: 	 One or two prop-fan engines per
aircraft

Ground rules assumed for the test mission are the following:

o	 taxi, takeoff and approach allowances included;
o	 250 KCAS (463 Km/hr) climb speed to 10,000 feet (3,048 in), and 290

KCAS (537 Km/hr) to the cruise condition unless limited by
the cruise Mach number;

o	 250 KCAS (463 Kin/hr) descent speed;

o reserve fuel determined by a climb at 250 KCAS (463 Km/hr) to 15,000
feet (4 ) 572 in); altitude, hold for 0.5 hour, and descent at 250 KCAS
(463 Km/hr);

o	 prop-fan engines assumed to be wir'.dinilling, except during
cruise, when full power is used;

o	 jet engines throttled back as required to maintain level flight;
o if the configuration had excess thrust after the main engines are

throttled back to idle, this excess is assumed to be dissipated with
extra drag to maintain constant speeds
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CRUISE CONDITION
M = 0.6130,000 FT (9,144 rn)
M = 0.5120,000 FT ((,091 -
M 0.7135,000 FT (10.66,' .a

M = 0.8135.000 FT (10,668
M = 0,8130,000 FT (9,144

47,000 18
(21,315 kg)

70	 75

M = 0.8120,000 F (6,096 m)
'- FUEL=25,000 LE01338 kg

— MEW=57,000 18(25,850 kg)
FUEL=20,000 18 (9070 kg)
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Using the six operating points noted in Figure 16, estimates of the cruise time

available as a function of aircraft takeoff gross weight, manufacturer's empty

weight, fuel load, and flight conditions are presented in carpet plot form.

The available cruise time for the DC-9-10 prop-fan testbed aircratt with either

one or with two prop-fan T701 propulsion systems are cited as examples in

Figures 17 and 18. As can be seen from these plots, the DC-9-10 prop-fan

testbed provides more than adequate cruise test time for performing the

required flight tests.

DC-9-10 PROP-FAN AIRCRAFT
TWO ALLISON 1701 TURBOSI-IAFTS - TWO JT8137 TURBOFANS
PROP-FAN AT FULL POWER EXCEPT AT M = 0 .5/20,000 FT (6,096 m)

6

5

4

CRUISE 3
TIME

(HOURS) 2

1

0
0

TAKEOFF GROSS WEIGHT (1000 LB)
_J

30	 35	 40	 45 (1000 kg)
IGt lPu

FIGURE 17. TESTBED AVAILABLE CRUISE TIME (TWO ALLISON T701 ENGINES)

DC-940 PROPFAN AIRCRAFT
ONE ALLISON 1701 TURBOSHAFT - TWO .JT8D-7 TURBOFANS

PROPFAN AT FULL POWER
6

5

4
CRUISE
TIME	 3

(HOURS)
2

1

0

TAKEOFF GROSS WEIGHT (1000 LB)
1	 1

30	 35	 40	 45 (1000 kg)

FIGURE 18. TESTBED AVAILABLE CRUISE TIME (ONE ALLISON T701 ENGINE)

*TIJRBOFANS AT IDLE

CRUISE CONDITION

M 0.6130000 FT (9,144 m)
M = 0.7135000 FT(10,668 m)
M = 0.5120.000 FT* (6,096 m
M = 0.8135,000 FT (10,668 m)
M = 0.8130,000 Fr (9.144 m)

= 0.8/20,000 FT (6,096 m)

'MEW=
	 FUEL=25,000 LB (11.338 k)

47.000 LE)
	

MEW= 57.000 LB (25,850 kg)
(21,315 kg)	 JEL=20,000 18(9,070 kg)

65	 70	 75
	

0	 85	 90	 95	 IC
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The variation of cruise time with manufacturer's empty weight (MEW) and fuel

ci.irried is practically linear for the range of interest. Therefore, for each

airplane, only two MEW's and two levels of fuel carried are used in the

calculations. The DC-9--10 with 75 seats has a MEW of 46,742 pounds (21,198 kg)

with fuel capacity of 24,743 pound. (11,221 kg); therefore, MEW'S of 47,000 and

57,000 pounds (21,315 and 25,850 kg), and fuel levels of 20,000 and	 000

pounds (9,070 and 11,338 kg) should cover the ranges of interest for a t 	 ad

aircraft.

Slightly lower erulan times are shown for the case of the two prop-fan/engine

test configuration (Figure 17) than for the one prop-fan/engine configuration

(Fit-tire 18). The reason is twofold -

•	 the net sfc of the engine/prop-fan combination is greater than

the efc of the jet engine in the normal operating range, and

•	 with two prop-fans, the jet engines drop to lower thrust settings,

.us increasing sfc.

As a matter of interest, the cruise times available for the DC-9-30 aircraft

ai s'own in Figures 17A and 18A as a direct comparison to the previously

discussed cruise performance of the DC-9-10 (Figures 17 and 18). The DC-9-30

with 105 seats has a MEW of 53,812 pounds (24,405 kg) and a fuel capacity of

24,649 pounds (11,179 kg), or, when a supplementary tank is added, the MEW and

fuel capacity are 54,485 and 28,535 pounds (24,710 and 12,941 kg)

respectivel'r. Thus, MEW's of 55,000 and 65,000 pounds (24,943 and 29,478 kg)

and fuel levels of 20,000 and 25,000 pounds (9,0/0 and 11,338 kg) are ielected

as representative for the DC-9-30 aircraft.

As is to be noted from the foregoing Figures 17, 17A, 18 and 18A, the variation

in the testbed available cruise time, as a function of tescbed atrcraft, is

relatively small. This small variation in cruise time is also to be noted when

comparing the T701 and T56 tuboshaft engine installations In the DC-9--10.

Sumtnay of these small differences in cruise time performance is presented in

the following tabulation:

AIRCRAFT	 PROP-FAN INSTALLATION
	

A TIME - HOURS
(Referred to DC-9-10, Fgure 18)

DC-9-30
	

(1) T701	 - .2 to -.35

DC--9-30
	

(2) T701
	

- .25 to -.35

DC-9-10
	

(1) T56
	

- .52

73



4

ORIGINAL I"i" 	 L
OF POOR QUALITY

DC-9•30 PROP-FAN AIRCRAFT
TWO ALLISON 1701 TURBOSHAFT - TWO JTUD-7 TURBOFANS

PROP-FANS AT FULL POWER

'JET ENGINES ASSUMED hT IDLE

	

CEILING RATE OF CLIMB - R/C	 55 FT/MIN (1,275 misec)

CRUISE CONDITION

	

M	 0.6/30,000 FT (9.144 m)
4.

	

M	 0.7/35.000 FT (10,668 m)
M a 0,5/20,000 FT (6.096 m'

CRUISE
TIME	 3

(HOURS) M = 0.8/30,000 FT (9,144 m)

	

M	 0.8/35,000 FT (10,668 m)'
2'

	

M	 0.8130.00d FT (9,144 m)

'
FUEL	 25.000 1213(11,338 kg)

	

MEW	 65,00 LB (29,478 kg)1
FUEL	 20,000 LB (9,070 kg) 1

MEW = 55.000 LB (24.943 kg)
0 1 	 1

70	 75	 80	 85	 90	 95	 100
TAKEOFF GROSS WEIGHT (1000 LB)

30	 35	 40	 45 (l000 kg)

12 GUI I*1

FIGURE 17a. TESTBED AVAILABLE CRUISE TIME (TWO ALLISON 1701 ENGINES}

DC-9-30 PROP-FAN' AIRCRAFT
ONE ALLISON 1701 TIJRBOSHAFT - TWO JT813 .7 TURBOFANS

PROP-FAN AT FULL POWER

CRUISE CONDITION

CRUISE
TIME

(HOURS)

0.6/30,000 ET (9,144 m)
0.5/20,000 FT (6096 m)

= 0.7/35.000 FT (10,668 m)

0.8/35,000 FT (10,668 m)
= 0.8/30,000 FT (9,144 m)

= 0.8/20,000 FT (6,096 m)
EL = 25,000 LB (11,338 kg)

65,000 LB (29.478 kg)
20,000 LB (9,076 hg1
,24,943 kg)	 1

1	 _.._J
70	 75	 80	 85	 90	 95	 100

TAKEOFF GROSS WEIGHT (1000 LB)
L	 1	 _

30	 35	 40	 45 (1000 kg)
1212112=11

FIGURE 18a TESTBED AVAILABLE CRUISE TIME (ONE ALLISON T701 ENGINE)
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Percent Turbofan Engine Power Required

For the cruise flight contttions noted In Figure 16, the percents of power
required from the turbofan engines for the prop-fan testbed cruise are noted in

Figures 19, 20 and 21.

As can be seen from the negative turbofan thrust requirements, noted In Figures

19, 20 and 21, the two engine prop-fan T701 engine configurations are capable
of flight on Ow prop-fan propulsion system alone, but at reduced gross weights
and lower cruise conditions. These flight limits for sustained cruise flights,

assuming power from the two T701 prop-fan propulsion units on1y, are summarized

in Figure 22, in terms of altitude/Mach number variation. Performance shown in

Figure 22 assumes the basic JT8D turbofan engines are operating at just enough

thrust to overcome their own drag. Threrefore the performance shown does truly

represent prop-fan-only capability. The prop-fan T56 installation on the

DC-9-10 Is not capable of cruise flight without the augmentation from the

turbofan engines.

12 

1

1000 km

4

0

40

30

PRESSURE
ALTITUDE 20
(1000 FT)

10

OC.910
OPERATIONAL
ENVELOPE

LM r OF OPERATING
GROSS WEIGHT -	 ENVSLOPE WITH ONLY

(Kg)
	

(2) 1701 PROP.FAN ENGINES
OPERATING

O.0Dfl
(36.251

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
MACH 1110.

FIGURE 22. DC.9-10 PROP-FAN TESTBED FLIGHT LIMITS IN CRUISE - TWO ALLISON
1701 PROP-FANS ONLY
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ALLISON T701 ENGINE

ASSUMPTIONS: PROP.FAN AT FULL POWER
OEW = 57,000 LB (25,850 kg)
FUEL LOAD = 25,000 LB (11.338 kg)

FLIGHT CONDITION

ALTITUDE FT (m)/MCRUISE

ONE PROP. FAN	 TWO PROP-FANS

PERCENT POWER REQUIRED
ON TURBOFAN

35,000 (10,668 m)/0.BM	 69-56
35,000 (10,668 m)10.7 	 53-40
30,000 (9,144 m)/0.8	 63-56
30,000 (9144 m)/0.6	 35-24
20,000 (6,096 m)/0.8	 66-63
20,000 (6,096 m)I0.5	 15-7

45-32
26-13
38-31
+5 - -6
40-37

- 19 - -27	 iOGLk 11416 A

FIGURE 19. PERCENT POWER REQUIRED FROM TURBOFAN ENGINES DURING DC-9-10 PROP-FAN CRUISE

ALLISON T56 ENGINE

ASSUMPTIONS: PROP-FAN AT FULL POWER
OEW = 57,000 LB (25,850 kg)
FUEL LOAD = 25.000 LB (11338 kg)

FLIGHT CONDITION

ALTITUDE FT m)/MCRUISE

35,000 (10668 m)10.BM
35,000 (10,668 m)/0.7
30,000 (9.144 m)/0.8
30,000 (9,144 m)/0.6
20,000 (6,096 m)/0.8
20,000 (6,096 m)/0.5

ONE PROP-FAN	 TWO PROP-FANS

PERCENT POWER REQUIRED
ON TURBOFAN

	

80-67	 65-"52

	

64-'50	 46-32

	

74-66	 58-'51

	

46-35	 27-16

	

79-76	 64-'61

	

28 - 2020	 7 -. -I

FIGURE 20. PERCENT POWER REQUIRED FROM TURBOFAN ENGINES DURING DC-9-10 PROP-FAN CRUISE

ALLISON 1701 ENGINE

ASSUMPTIONS: PROP-FAN AT FULL POWER
OEW = 65,000 LB (29,478 kg)
FUEL LOAD = 25,000 LB (11,338 .;

FLIGHT CONDITION	 ONE PROP. FAN	 TWO PROP.FANS

PERCENT POWER REQUIRED
ALTITUDE FT (m)/MCRUPSE	 ON TURBOFAN

	

35,000 (10,668 m)/0,8 M 	 71-62

	

35,000 (10,668 m)/0.7 	 53-45

	

30000 (9,144 m)/0.8	 66-61

	

30.000 (9,144 m)/0.6 	 36-28

	

20,000 (6096 m)/0.8	 72-7070

	

20.000 (6,096 m/0.5 	 16-10

46-39
26- 18
42-37
+6- -1
46-44

-20- -28

FIGURh 21, PERCENT POWER REQUIRED FROM TURBOFAN ENGINES DURING DC-940 PROP . IAN CRUISE
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TASK .[V

TESTBED SYSTEM EVALUATION AND RECOMMENDATIONS

The study work delineated by the NASA Contract NAS3-22347 as Tasks 11, 111, IV

and V are all interdependent. Before an engine prop-fan selection can be made

on a sound basis, the comparative feasibility when installed on a Lestbed

aircraft must be considered. Therefore, the work of the four tasks have been

necessarily done concurrently. Although the work of integration of the

propulsion system into the aircraft is performed throughout Tasks 11, 111, and

11/, the discussion of conceptual overall testbed integration is included in

Task V.

TESTBEJ) PROGRAM RECOMMENDATIONS

As a result of the work performed in Tasks 1 through IV, Douglas recommends the

following for the continued prop-fan testbed program:

o	 DC-9-10 base aircraft.

o	 T701 turboshaft engine.

o	 T56 gearbox modified as per Allison recommendation.

o	 Hamilton Standard 9.5 foot (2.90 m) diameter/10 blade prop-fan.

o	 54H60 modified prop-fan control as per Hamilton Standard

recommendation.

o	 Flight testing of two configurations; namely, the one w4ng

mounted prop-fan nacelle and the two wing mounted prop Lan

nacelles. In the case of the two prop-fan nacelle

cor Figuration, the prop--fans shall both rotate up and

inboard toward the fuselage.

o	 Subscale wind tunnel testing, if required, for component design

verification only.

o	 Large scale flight testing of the DC-9-10 testbed.

Brief discussions follow of the testbed systems evaluation from the

aerodynamics, propulsion, and acoustics points of view.
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ENGINE SELECTION

As per the initial contract statement of work, the two initially selected

engines, T701 and T56, are to be carried in parallel throughout the study.

However, in the early part of the study, the T701 engine appeared more

desirable; consequently from that point on the study effort is directed to a

two prop-fan installation utilizing T701 engines. The relative merits of the

1701 versus the T56 engine for the prop-fan testbed are as noted:

T701 Merits versus T56

•	 Flexibility of free turbine design versus single-shaft

•	 Variation in power loading, SHP/D 2 , or tip speed efficiently

accomplished without gearbox rework or change

•	 Larger diameter prop-fan tested - 9.5 foot (2.90) versus 8.1 foot

(2.46 hi)

•	 Leas nacel le blockage to prop-fan - 34 percent versus
40 percent

•	 DC-9 capable of flight on two T701 prop-fans alone

•	 T701 engine not considered a major risk

A detailed cost comparison between the T701 and the T56 engine Is not included

in this study 0nca this side-by-side comparison data are not available from

the engine manufacturer. At this point, the generation of the side-by-side

cost comparison was not considered warranted. Because of its long production

life, the T56 is probably less costly tiLan the T701 engine; however, this cost

factor is not considered adequate to outweigh the other advantages of the T701

as the selected testbed engine.

ru.R0DYNANLC TESTBED PROGRAM

Subsa1e wind tunnel and fiight tests are both required to satisfy the primary

aerodynamic objective of verifying, at flight corditions, the installed

propulsive efficiency of the prop-fan propulsion system. These tests are shown

in the block diagram, Figure 23. Each of these tests is discussed in more

detail in subsequent paragraphs.
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kIODEL
•	 UBSCALE DC-9
• POWERED
• SERI ISPN
•	 AM(S I1-FT OR 14-FT

OATA
• CONTOURED WING, NACELLE GEOMETRY
•	 NET (T-D1
• PROP EFFICIENCY
• PROP ALIGNMENT
•	 INTERFERENCE DRAG

MODEL:
• SUBSCALE - COMPLETE SPAN
•	 EXISTINO DC-9
• POWERED 11 .IN,(27.O CM) PROP
•	 ME5 12-FT

DATA
• STALL SPEEDS

FLAP SETTING
• LONGITUDINAL STADIUTY&CONTROL
•	 LATERAL-DIRECTIONAL STAED ITT

OR.

OF POOR QUALY

HIGH SPEED
	

LOW SPEED

FLIGHT TEST

MODEL
• ocg

DATA:

PROP EFFICIENCY
•NASA LEWIS PAT LMODIFD	 -	

:	 NTERFERENC( DRAJ

- .1	 • NASA LEWIS e- BY 6-FT TUI*tEI 	
- URGE-SCALE TESTS

1 DATA•	N40- BY 90-FT TUNNEL
INLET CONTOURS	 AT LOW	 CORRELATION
COMPRESSOR FACE DISTORTIOM 	 [UBSCALE DATAJ1	 •	 INLET

1	 • EFFECT OF INLET ON PROP

1. ------------------------------------------J	 •LGth.I43

FIGURE 23. AERODYNAMIC TEST PLAN SUMMARY

High Speed V Td Tunnel Test

A high speed wind tunnel test prograrn will be conducted using a DC-9 semi-span

wing model with an air driven turbine to power the propeller. It may be

possible to use the air turbine already developed at NASA Mies. The objective

is to develop an efficient nacelle/wing geometry that has low drag in the

presence of the propeller flow. Any transonic tunnel can be used preferably

the NASA Ames 14-foot facility. A sketch of a typical installation is shown in

Figure 24.
- FLOOR BALANCE
(METRIC FUSELAGE) 	 DATA TO BE OBTAINED

____________________________________• NET IT-DI

	

•	 NLETDAAG
• INLET INFLUENCE ON PROF

INLET TEST

	

MCOYI.	 STATIC ENGINE INLET
SUBSCAL€	 COMPATIBILITY TEST

NACELLE
STATICS

• AIRCRAFT LIFT. DRAG, AND PITCHING MOMENTS

• DRAG OF DIFFERENT NACELLE/WING CONTOURED
SHAPES

• PROPELLER LOADS AT DIFFERENT ORIETA11ONS
RELATIVE TO AIRCRAFT

• INSTALLED PROPULSION EFFICIENCY
(NET THRUST MINUS DRAG)

• PROPELLER EFFICIENCY IN PRESENCE OF AIRCRAFT

• PROPELLER INFLOW VELOCITIES AND ANGLES FOR
PROPELLER DESIGN

AIRCRAFT FLIGHT BOUNDARIES
(BUFFET AND CLMAX)

• AIRLOADS (FROM SURFACE STATIC PRESSURES)

•1GIP2II3A

DRIVE SHAFT
T. q AND RPM

WING SURFACE STTICS

PROPELLER PLANE RAKE
PTI P5 . AND *F-LO

FIGURE 24. HIGH-SPEED WIND TUNNEL MODEL
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The data to be obtained are noted on Figure 24. More than one entry into the

wind tunnel may be required to develop the geometry. After initial data are

obtained, analysis of the data will be conducted and geometry modifications

will be developed. Different nacelle contours and wing shapes will be tested.

The following configurations will be tested;

•	 clean wing

•	 wing plus nacelle

•	 wing plus nacelle plus prop-fan

These testhed specific configurations are the same as those to be used later in

the flight test program and the purpose and use for each configuration is

discussec in subsequent paragraphs of Task IV relative to the flight test

program. Data from these tunnel tests will be useful in defining the

propulsive efficiency and drag terms as noted

(T-)	 T + Buoyancy + TNOZ Drag

where

(T-D):	 net thrust minus drag of the complete configuration obtained

from floor mounted balance.

T:	 thrust of prop-fan obtained from prop-fan drive shaft

balance.

Buoyancy: the axial force obtained from an integration of nacelle

surface static pressures with prop-fan operating and

prop-fan ff.

TNQZ	 turbine drive nozzle thrust obtained by calibration of the

nozzle.

Drag: drag of the configuration - obtained by taking the

difference between the clean wing and the configuration with

the propulsion system installed.
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Since the turbine Is powered from an external air supply source, there will not

be a turboshaft engine air inlet on the nacelle as there will be for the flight
installations. The effect of the inlet on the external urag, the prop—fan
loads, and performance will not, therefore be included in the high speed wind
tunnel data. (The effect of the inlet on the prop—fan and Inlet drag without

the influence of the aircraft can be determined during the inlet development

phase of the inlet tunnel test program.) This is a limitation of the high

speed wind tunnel test data; and the inlet effect is therefore an item that

must be evaluated during the flight test phase with the large scale hardware.

The "no inlet" geometry cannot be flight tested for comparison to the wind

tunnel data; therefore, the effects of the inlet and flight effects relative to

the high speed wind tunn1 data will have to be carefully studied. The effect
of the inlet on aerodynamic performance is not anticipated to be large.

The subscale high speed wind tunnel test is the preferred method of developing

an efficient shape for the wing and nacelle to be evaluated during flight.

Multiple geometries can be tested in the tunnel and the appropriate diagnostic

data taken much more efficiently than in flight. The fund 2ntal questions of

the installation (for instance - how large are the effects of nacelle

contouring on wing pressures) can be quickly and less expensively resolved in

the wind tunnel as opposed to doing the same thing 111 flight.

The instrumentation required for the high speed wind tunnel testing is similar

to that recommendd for flight test and is summarized in the following

tabulation

INSTRUMENTATION

0 Floor balances

o Prop-fan drive shaft RPM
thrust and torque

o	 Nacelle surface statics

• Wing surface statics

• Prop—fan plane rake, P TOTAL
STATIC and flow angle

PURPOSE

•	 to measure configuration lift,
drag, and pitching moment.

•	 prop--fan thrust and efficiency
and aircraft drag.

• drag analysis and buoyancy
correction.

•	 drag analysis.

•	 input to prop—fan design.
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1	 d WI nIl 1 unn 1 Test

Fat lowing	 14	 high 	 1 wind Lunnv t	) , the prvfvrrtni high	 p	 d

configuration will bv tested at low speod. 	 The	 h	 1 V", is (14 dut,ermine t 14

1! speeds And flap 	 i1 flight durlug takeoff and

landln iq

Prop- fan wl ndmi I I fng rondit ionionm consiRtenr	 h 1	 t L 1 1	 t	 i k

proeodure will  14 tmed. Fffvcts of power at low spnvd wIll he determin e d  14 v

"ni ng in At r d 1 vanturbi ne to	 h	 p-fan.	 A nvw t"rhine with a 1

inch 1 1, i rml r ro n fan will hv raqui rvd. An appropriate 1444? speed facf 4 1 Myi

1 he Am p s 12-foot runnel 11441 1 1' has an existing complete c1i 	 i model1 144(

can he modified for 4444 14 this	 1i v	 141 s a phot 44i1ri1l1 of

1 14? s Quylas MO modal	 , 4414444 41 111 the 	 1 Amcs 1 ?-Coot 14344 speed4444 	 4344444

"nn! Along with a summary I thv data 4?1 he 4414t ti n'2

DATA TO RE OBTAINED

• AIRCRAFT LIFT RAG AND PITCHING MOMENT
WITH AND WITHOUT YAW

• STALL SPEEDS AND CHARACTERISflC

CLMA;

* AATk FLAP c TTINI

• LONGITUDINAL STAP 4 L1TV AND CONTROL

• LATERAL-DIRECTIONAL STABILITY AND CONTROL

FIGURE 25, LOW -SPEED WIND TUNNEL
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These data will be used to placard the aircraft so that safe flight operation

will be obtained during low speed, low altitude flight. For instance, the

present conservative restriction of prop-fan operation at 15,000 feet (4,512 m)

or above, noted in Figure 13, will be resolved and perhaps lowered or removed

as a result of these low speed wind tunnel tests. The wind tunnel

instrumentation required is not extensive. All that is needed is the six

component balance data and perhaps some flow visualization equipment.

Inlet Dvc1opinent

The engine Inlet contours will be developed concurrently with the aircraft

configuration development. The objective is to develop an inlet configuration

which, when operating in the presence of the rotating prop-fan, gives

acceptable steady-state and time-dependent total pressure distortion k.L the

engine compressor face. The propeller test rig (PRT) developed at NASA Lewis

for use in the 8 x 6-foot transonic wind tunnel may be used for the testing. A

modification to offset the drive shaft of the PRT will be required to properly

scale the inlet capture area to the prop-fan and to properly model the duct

offset geometry. A sketch of a typical installation is shown in Figure 26

Several Inlet duct geometries will be tested until distortion levels are within

satisfactory levels as established by the engine manufacturer. Following the

subscale wind tunnel test, the selected inlet duct geometry will be ground

tested on the engine by the engine manufacturer.

COMPRESSOR FACE
RAKE - STEADY STATE

ANI) DYNAMIC TOTAL
PRESSURE

DATA TO BE OBTAINED

• STEADY-STATE COMPRESSOR FACE
DISTORTION

E4	 • TIME-DEPENDENT COMPRESSOR FACE
DISTORTION

:	 • INLET INFLUENCE ON PROPELLER
BLADE STRESSES

• INLET DRAG INCREMENT

SURFACE STATIC 	
'. RAKE FOR INLET DRAG

PRESSURES	 P1 AND P

FIGURE 26. INLET TESTING

11 GtN lt*37
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The siibscnle wind tunnel tost program will also establish the effects of the

inlet on the prop-fan loads and the drag of the inlet. The effect on the

prop-fan will be found by running with and without the inlet present and
measuring the difference in blade stresses. The inlet drag will be found by

placing total and static pressure instrumentation downstream of the Inlet face
on the external cowl surface. The estimated location of the instrumentation on
the wind tunnel model is indicated in Figure 26; and the instrumentation

considered for this phase of inlet testing is tabulated as follows:

0

0

0

0

0

INSTRUMENTATION

*
0 Compressor face steady

state total pressure rake

*
0 Compressor face time

dependent transducers

0
	

Interrial d't static
pressures

0 External static pressures

0 External total rakes

PURPOSE

steady state total pressure
distortion.

tirne dependent (dynamic) totel
pressure distortion.

inlet distortion analysis.

inlet drag analysis.

inlet drag analysis.

*
Location and number of probes to be defined in conjunction with
engiue manufacturer.
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SUBSCALE WIND TUNNEL PROGRAM

Estimated Cost and Schedule

An estimated cost and schedule for the subscale wind tunnel portion of the

aerodynamic development plan is presented in Figure 27. The ROM cost quoted in

Figure 27 does not include any wind tunnel occupancy time.

ROM
COST	 9,,.

HIGH SPEED $750,000

6	 ,1218 MONTHS FROM ATP

MODEL DESIGN AND $PEI ICATIOM

FABRICATION

TEST

MEMM-ANA
	

AND REPT

LOW SPEED $950,000	 —TURBINE AND PROPELLER DES, FAR AND aUALIF
MODEL SPEC AND DESIGN
(MooIFY EXISTING DC9 MODEL)

FABWING/BODY

rNTEGRATE PROPELLER/NACELLE AND WIN

TEST

ANALYSIS AND REPT

INLET TEST $750,000 -	 • MODEL AND PTR MODIFICATION OLGN

j_.PTRMODIFICATION

--	 INLET l i nIGN AND FABRICATION

TEST

-ANALYSIS AND REPT

'2.CEIt-23678

FIGURE 27. AERO DEVELOPMENT PLAN -WIND TUNNEL TEST AND SCHEDULE
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Flight Test

After the high and low speed wind tunnel tests, as well as the necessary ground

testing, have been conducted and the inlet/engine t'oinpatibility tests

completed, the f1i1 test phase of the program can be initiated. Figure 23

delineates the major aerodynamic aspects of the flight teat program. During

the high speed wind '-unnel tests, the aerodynamnlc effectiveness of a contoured

nacelle insta11atior under consideration will be determined. Provided

structural, performance, and cost trade studies verify the overall advantages

and feasibility of the contoured nacelle, the DC-9 .aircraft will be modified to

accept the contoured nacelle installation. Also, the minimum aircraft flight

speeds will be properly placarded. Major discussions of the mechanics of the

flight test program are included in Task VI, however, aerodynamic aspects of

the flight testing are included herein (Task IV) as part of the aerodynamic

testbed systems evaluation.

From the aerodynamic point of view, the primary purpose of the ground, wind

tunnel and flight testing is to obtain the net inatalled thrust-minus-drag of

the wing-mounted propulsion system. The appropriate aerodynamic data to be

obtained during the flight testing are listed as follows:

•	 Speed and altitude

•	 DC-9 JT8D-7 turbofan engine thrust

•	 RPM, thrust, and tcrque of prop-fan drive shaft

•	 Surface static pressures (nacelle and wing)

•	 Prop-fan plane rake static and total pressures and flow angle

•	 Internal inlet duct static pressures

•	 Load factors - n and n

•	 Control positions -
	 '

•	 Airplane attitude and rate of pitch, 0 & b; roll 4 & ; yaw W & 4'

•	 Airplane angle of attack -

•	 Airplane sideslip -
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These data will then be used to extend the wind tunnel results and analytical

estimates to actual flight conditions for the prediction of full scale prop-fan

aircraft performance. The prop-fan thrust will be obtained to verify the

Hamilton Standard data and to form the reference level for the Douglas

thrust/drag bookkeeping system.

Basic Data Acquisition

The basic DC-9-10 engine, JT8D-7 turbofan, must be calibrated to determine the

thrust characteristics at flight speeds. This calibration will be conducted in

a manner acceptable to NASA, Douglas, and Pratt & Whitney.

The basic DC-9 will be flown to establish the reference drag level for the

thrust-minus-drag measurements. The suggested flight envelope to be used is

shown in Figure 28 and the six specific flight test points selected are shown.

These six points will be flown, and tie thrust of the calibrated engines will

be used to determine the drag for this and all other configurations.

(12)

1
(8)

LU

t (4)

(0)

40
/

/

	

4 / 	 TESTBED
/ FLIGHT

/	 NVELOPE—'/

	

—/	 0'//
/

_____	 11 

/

	

•	 /
/

/

	

________ •1 	 /	 ___

	

______ 	t 	 t _
0.1	 0.2	 0.3	 0.4	 0.5	 0.6	 0.7	 U11	 0.9

M0

20

10

SO ctl1 Vo

FIGURE 28. DC-9 AIRCRAFT OPERATING POINTS ASSUMED IN PERE. 9MANCE SPECTRUM
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'Itn nacelle installation with the prop-fan removed will then 
be 

installed in

the tiutbt1 aircraft and be flown. 'Ibe inlet and nozzle will be fared over to

eliminate the norz1" base dng anci momentum losses of the air flowing through

the wlndmllling engine SurE8ce prtisure data on the n8cc110 will be recorded

in addition to the. thrust (drag) data to form the baseline pressure levels for
buoynny corrections to the prop-fan force dntn. The ding data will be used to

determine the into ereee drug of the nacelle on the wing WJ,tIiOUt the prop-fan

flow effects. When compared to thep rop-fan on dn tn with power, these data
will Isolate the effects of power from the c'E2acts of the nacelle. The more
significant effects can be isolated and, for different prop-fan or nacelle

geometries, the drag interEernce actors of each component will be known for
application to other configurations.

The inlet fairing presents problem in that the fairing will disturb the

pressures used in the buoyancy correction. The design of: the fairing must be

carefully tailored using 3-D surface panel potential theory to minimize
differences from that of the inlet when operating with flow into the engine.

Difforc'nt fairing nhapes will be studied until jesure distributions on the

nacelle are similar to those predicted by the pOgczuu with the flowing inlet
ropvc'iitod. 12 pressure differences exist for the selected fairing shape,
then the increments will be used to adjust the measured pressure levels to
those of a flowing inlet to obtain reference levels for buoyancy corrections.

The prop-fan will then be installed on the drive system and operated tit several

power levels. During this phase of to testing, tho JT81)-7 engine, thrust,
obtained from the CnhibLatLon discussed prcviously, will be used to establish
the net thrust of the prop-fan minus drag. Prop-fnn thrust, torque, and RP1
will be iii isured using prop-fan drive shaft instrumentation; and nacelle s tn t le
pressures will be ii sured so that nnceilc buoyancy corrcctions can be made to
.he prop-fan thrust.t

The dntn will be used to define the various terms in the following equation:

(T-D) - 'rINs.l' + 13uoyniuy + TNO	 Drag



where:

(T-D) prop-fan propulsion system installation thrust minus drag

obtained using calibrated DC-9 JT8D-7 engines which is equal

to the difference in the thrust required to fly a given

condition with and without the prop-fan propulsion system

installed.

TINST	 prop-fan installed thrust obtained using the drive shaft

balance.

BUOYANCY axial force correction obtained from integration of

difference ir, .,ce11e surface static pressures between

prop-fan on and prop-fan off.

T prop-fan thrust corrected for buoyancy but operating in the

presence of the aircraft. This thrust will be compared to

the prop-fan manufacturers' data obtained on an isolated

prop-fan test rig to determine the effect of installation.

(This term 15 part of the Douglas thrust-drag bookkeeping

system).

TNQZ	 turboshaft engine nozzle thrust obtained from calibration of

nozzle and the pressure data.

DRAG propulsion system installation drag as calculated from the

basic equation; this drag term is also used in Douglas

thrust-drag bookkeeping system.

The drag term will be compared to estimates made using conventional flat plate

skin friction coefficients. The ratio of the meauurcd level to the calculated

level will produce an interference factor (K) that accounts for changes in

induced drag due to span load distortions, local boundary layer thickening due

to pressure gradients, and any other factors which could contribute to the

drag. The K factors will also be compared to those obtained from the wind

tunnel. tests.
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To obtain estimated flight performance, the following equation will be used:

(T-D) - TISO - K. (estimated drag)

wherc

TISO	 is the isolated thrust of the prop-fan propulsion system as

supplied by the prop-fan and engine manufacturer.

A summary of the flight test instrumentation associated with obtaining the
desired nerodynntu" information is as follows:

0

0

0

0

0

0

0

0

0

0

INSTRUMENTATION

Thrust, torque, and RPM of 	 0
prop-fan drive shaft

Static pressures an nacelle 	 0

Static pressures on wing	 0

Pressure rake in prop-fan	 o

plane - £ TOTAL , TSTATIC,

flow direction required

Inlet-wall static pressure 	 0
and P rake at compressor face

DC-9 turbofan internal	 o
instrumentation to determine
t1irts t

Accelerometers	 0

Control position sensors	 0

Attitude gyros	 o

Angle of attack (ct) vane	 o

Sideslip () vane	 0

PURPOSE

obtain prop-fan thrust and
efficiency.

prop-fan bouyancy and interference
drag aunlysis

drag analysis.

prop-fan inflow data for prop-fan
design and analysis.

inlet flow analysis

thrust minus drag (T-D) of installed
prop-fan propulsion system.

airplane load factor tracking.

control position tracking.

airplane attitude tracking.

angle of attack tracking.

sideslip tracking.0
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A sketch of the location of the proposed instrumentation for installed

propulsion system performance is given in Figure 29

CONTROL POSITIONS AIRCRAFT ATTITUDE

614EN

FIGURE 29. CRUISE PERFORMANCE PRESSURE SURVEY INSTRUMENTATION
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PROPULSION SYSTEM — PROP-FAN/T701 ENGINE INTEGRATION

Figures 30 and 31 present preliminary sketches of the T701 engine/ prop-fan
installations. The engine is installed above and forward of the wing front
spar. The engine tailpipe is routed over the upper wing surface and exits at
the wing trailing edge. The three section cuts (Figure 31) are through the
nacelle at the forward (gearbox) mount, aft engine mount, and between the
gearbox and engine proper.

LI.EI1 CONTROL
FQRWAflD ENG INE MOUNT PLANE	 002081
rfl0UC1I0N DEAR BOX IMODMED FROM BUA T&fl

1-REDUCTION BEAN BOX OIL TANK
rRWUCTt0NGEAR BOX 0L

/ 1 r-N	 110•000
j-OII. TANK FOR ENGINE LUBE SYSTEM

-FIflESAL
AFT ENGINE MOUNT PLANE
\WN $0,146 ROOM TEMPI

A,-'y.-,	 / /	 \c t TAIL PIPE ASPIRATOR

b • 10-FT 1305i

ENGINE EXHAUST TAIL PIPE
— REMOVABLE TAIL rirE SECTION

FOR ENGINE REPOSITIONING
,,,-HORIZONTAL (L OF NACELLE

TAIL PIPE
EXIT PLANE

FUSELAGE REF PLANE
• 01060)

ENGINE	 STANTON DC D-30 WING AIRFWLWING C14 AT
AIR (NIET	 4.4 FT 4O	 X - 222.000 ITHACE
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FIGURE 31. T701 ENGN/PROP-FAN INSTALLATION (CONTINUED)
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The prop-fan installation and systems characteristics are iern1zed as follows:

o DDA. T701 SHAFT HORSEPOWER ENGINE COUPLED WITH A HODITIED DDA T..56
GEARBOX

o GEARBOX MODIFICATION REQUIRED

•	 Reverse input rotation (main gears u.k.)
• Oil system modification (due to rotation)
• Propeller brake (for feathered prop in flight)

o GEARBOX 011. TANK AND COOLER INDEPENDENT OF ENGINE AND MOUNTED
IN FIXED STRUCTURE

o EXISTING OIL TANK AND COOLER ON ENGINE UTILIZED FOR ENGINE ONLY

o OFF-THE-SHELF PNEUMATIC STARTER USED

o HARD ENGINE MOUNTS PROVIDED BUT SPACE AVAILABLE FOR SHOCK MOUNTS

o ENGINE MOUNTS FAIL-SAFE

o PART OF INLET SCOOP BUILT INTO LOWER DOOR

o ACCESSORY AND TURBINE CO, \RTMENT SEPARATED BY FIRE SEAL

o FIRE EXTINGUISHING (TWO-SHOT) SYSTEM PROVIDED

o FIRE VARNINC (FIRE DETECTORS) PROVIDED

o UPPER PORTION OF NACELLE AND WING FIRE PROTECTED

o FIREWALL FUEL SHUTOFF LOCATED CLOSE TO FUEL TANK BULKHEAD

o HOISTING PROVISIONS IN UPPER NACELLE STRUCTURE ALLOW ENGINE AND
GEARBOX TO BE REMOVED OR INSTALLED AS A UNIT (STRUCTUML BREAK
AFT OF REAR HOUNT)

o SHALL t.CCESS DOORS IN UPPER NACELLE FOR 011. FILLING, INSPECTION,
AND BORESCOPE INSERTION

o OIL TANK SCUPPER DRAINS TERMINATE IN A DRAIN MAST

o CRITICAL OIL AND FUEL SEAL DRAINS ALSO ROUTED TO THE DRAIN MAST

o VIBRATION PICKUPS INSTALLED (PROBABLY TRACKING FILTER TYPE)

o PROVISIONS COULD BE MADE TO MOVE ENGINE AND PROP-FAN RELATIVE TO
WING LEADING EDGE (REMOVABLE PLUG IN NACELLE STRUCTURE AFT OF
REAR ENGINE MOUNT AND ATTACR BULKHEAD

o SYSTEMS OR COMPONENTS WHICH CAN BE DELETED IN THE INTEREST OF
COST SAVING

o Generator
o Hydraulic pumps or system
o Environmental bleed systems or controls
o Anti-icing system on inlet or prop
o Remote oil quantity indicator.
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Fuel System

The fuel system connection bc'twccu the basic DC-9 aircraft fuel system and the

prop-fan installation is shown in Figure 32. This purticlar drawing
represents o one prop-fan/engine installation; the same type Installation on
the other aircraft wing is required for the two prop-fan arrangement. As can

be seen, the fuel line is connected into the basic aircraft fuel system between
the two boost pumps in the main wing fuc], tnnk. The fuel line is then routed
through the front wing spar to a firewall shut-off valve and then to the fuel
connection on the fuel control of the T701 engine.

RIGHT MAIN TANI( 	 /	 L JTNaiND
L:ENTTANKJ 	 1
	 APU

FIGURE 32. DC-9 PROP .FAN FLIGHT TESTBED FUEL SYSTEM
	 11P

Opposite Rotation

Investigation of the gains, both acrodynarnienily and acoustically, of
installing both the prop-Eans to rotate up and inboard to the fuselage also
entails e trade study of the engine manufacturer to evaluate the complexity and
cost of providing the engine gearbox with capability to permit opposite
prop-fan rotation. In general ) such an arrangement is felt to be quite
feasible; a detailed study of such opposite rotation is currently underway by
Allison.
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Other operational considerations associated with the prop-fan opposite rotation

include the

0	 clockwise and counter-clockwise swirl from the prop-fan, and

o	 cyclic prop-fan frequency dynamic distortion.

Consequences of these operational results may entail such as

•	 one inlet design for a "worst case" or separate inlets for right and

left hand installations,

•	 different left and right hand engine operation from the points

of view of performance or transient operations

•	 Inlet guide vane tailoring for each engine.

These operational considerations warrant further investigation before testbed

flight.

Key Characteristics of Prop-fan Propulsion System

The key characteristics of the testbed prop-fan propulsion systems based on the

work performed during Task 1 through V are summarized as follows:

•	 T701 with modified T56 gearbox is the most suitable prop-fan drive

for the NASA testbed.

•	 The largest diameter prop-fan available (T701 engine capaility of

swinging a 9.5 foot [2.90 rn] diameter prop-fan) is compatible with

Hamilton Standard recommendations.

•	 Hamilton Standard recommends use of a modified 54J-160 prop-fan

control.

•	 Allison recommends use of a modified T701 engine control.

•	 The prop-fan drive can be installed on a DC-9 wing.

•	 An inlet testing must be developed before proceeding with the

testbcd flights

•	 A prop-fan/engine control coordinator may be required for flight

Lest particularly on the two-engine prop-fan installation).
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ACOUSTIC TESTBED PROGRAM

The acoustic technology objectives identified in Task 1 are listed here for

convenience in order of priority

o	 Primary Objectives

o	 Determine prop-fan near field and far field noise

characteristics during representative ground and flight

conditions.

o	 Determine passenger cabin noise characteristics and fuselage

vibration transmission during cruise flight.

o	 Determine the effectiveness of various cabin noise

control treatments.

o	 Secondary Objectives

o	 Evaluate effects of prop-fan opposite rotation and

synchronization on noise characteristics.

o	 Determine effects of scaling model prop-fan acoustic data to

large scale applications with flight effects.

o	 Obtain acoustic data to verify or modify existing theoretical

prediction models.

o	 Obtain acoustic data to develop and verify procedures for

predicting FAR Part 36 noise levels.

The production DC-9 turbofan fuselage sidewali acoustic treatment is shown in

Figure 33. This sidewall configuration will not provide sufficient

attenuation to meet the selected interior noise goal on the testbed aircraft.

Therefore, treatment modifications must be identified that will meet this goal.

A laboratory test program to identify promising treatment designs is described

in a subsequent section.

Resolution of Acoustic Technology Objectives

The possibility of accomplishing the acoustic technology objectives by a

program which includes high and low speed wind tunnel and static test stand

work is discussed in Task 1 and is summarized in Figure 34.
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FIGURE 33. PRODUCTION DC-9 SIDEWALL ACOUSTIC TREATMENT

MEASURE NEAR- AND FAR.FELO
NOISE DURING GROUND AND
FLIGHT CONDITIONS
MEASURE CABIN NOISE AND
VIBRATION DURING CRUISE
DETERMINE EFFECTIVENESS OF
ACOUSTIC TREATMENT
EVALUATE OPPOSITE ROTATION
AND SYNCHRONIZATION

OBTAIN FLYOVER DATA FOR FAR
PART 36 PREDICTIONS

OBTAIN FUSELAGE RESPONSE 	 YES
DATA FOR MODEL VERIFICATION
OBTAIN FUSELAGE LOAD DATA 10 	 YES
DETERMINE SCALING EFFECTS	 I______________

CONSIDERING HSWT, LSWT, AND STATIC TEST PROGRAM
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(ADD-ON TYPES)
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(2-PROP-FAN

NACELLE PROGRAM)
TBD

NO

NO

NO

POSSIBLE

No

PARTIAL

FIGURE 34. RESOLUTION OF ACOUSTIC TECHNOLOGY OBJECTIVES

It is concluded that the wind tunnel program alone will not provide a means for

accomplishing most of the acoustic objectives. The measurement of near field

noise may be partially accomplished by performing acoustic tests in the Ames 40

x 80 low speed wind tunnel. Acoustic measurements in a non-acoustic wind

tunnel (like the 40 x 80) present problems with the background and reverberant

noise levels, in addition to the Mach number limitation. Existing acoustic

wind tunnels are too small to accommodate a half span test using a 9.5 foot

(2.90 In) diameter prop-fan. Size limitations present a problem even in the

Ames 40 x 80 foot tunnel if one proposes to include a smu1ated fuselage

surface as part of the test fixture.
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However, measurement of near field noise during half span tcting in the 40 x

80 foot wind tunnel without u simulated fuselage surface is a possibility,

although the data quality will probably be marginal. Absolute levels of
prop-fan noise measured in this manner will be unrcliabe; but the data will be
useful for examining noise trends with variations in measurement location,

installation geometry, and operating conditions. Static test stand aeorIc

measurements an an open propeller rotor have been shown to give unpredictable

results because the flow field of a static propeller or fan greatly modifies

the structure of turbulence present in the atmosphere. Spurious random sources

are then created when blades encounter the turbulence. Some sophisticated data

analysis techniques, designed to separate random and periodic noise have been
used on static propeller noise (Reference 4) The utility of the methods has

not been established, however, since no direct comparison of data so reduced

has ever been made with flight data, Test stand measurements are also

incomplete because they do not include local flow field modification by the
presence of the aircraft, have incorrect relative velocities between the
airstream and the blades, and have different convective amplification effects
than the free flight case.

Other acoustic objectives which have some possibility of resolution by a static
test stand and wind tunnel program alone are the determination of scaling

effects and the measurement of far field noise for development of FAR Part 36

predictions. However these objectives would suffer from the same problems
mentioned above. The remaining objectives have no possibility of being
accomplished with a wind tunnel program. Subsequent discussion will,
therefore, be confined to resolution of acoustic objectives by a testbed
aircraft flight program. Resolution of all acoustic technology objectives
could be accomplished with a program which includes laboratory testing of
acoustic treatment designs, and ground static tasting, taxi testing, and flight
testing with a two prop-fan system mounted on a testbed aircraft. The elements
of this program are shown in Figure 35. In the case of the outdoor test stand,

the measurement of near and far field noise is dependent upon the facility
selected for the static testing.
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Level f1yers at 6 2,000 feet (610 m) altttude are desired; however, these

flyovers are contingent upon the flight envelope restriction diseuBssed in Task

111 and In the aerodynamic testing of this Task IV.

LABORATORY TESTING
• IDENTIFY BASELINE SIDEWALL ACOUSTIC TREATMENT
• IDENTIFY ADU1TIONAL PROMISING TREATMENT DESIGNS

OLIT000R TEST STAND
• PROP -FAN/ENGINE/GEARX/HACELLE SYSTEM
• MEASURE NEAR . AND FAR-FIELD NOISE

GROUND RUNUP AND TAXI TESTING
• TWO PROP-PAN SYSTEMS INSTALLED ON AIRCRAFT
• MEASURE NAR.3'liLD, FAR-FIELD, AND INTERIOR NOISE

FUSELAGE EXTERNAL. ACOUSTIC LOAt
• M 11TUPI Z	 SLADE PASSAGE FREQUENCY
• MAC 1 NUMBER • PROP.FAN POWER LOADING
* TIP tPED	 GLADE ANGLE

INTERIOR NOISE
• BASELINE ACOt.'C 'TREATMENT
• AUDTIONAL TRIIA'.tENT DESIGNS (ALSO BARE WALL)
• VARWIJS OPERATING CONDITIONS
• OPPOSITE ROTATION
• SYNCROPHASER EVALUATION
• SELECTED FLIGHT CONDITION

CAiIN ABSORPTION
• MEASURE REVERBERATION TIMES FOR BARE-WALL AND

TREATED CONFIGURATIONS

FIGURE 35. ACOUSTIC TEST REQUIREMENTS

Laboratory Testing

Laboratory testing will be performed in an acoustic facility and will be used

to identify a baseline acoustic treatmenc design. The baseline treatment will

be of the add-on type (no changes to aircraft fuselage structure) and will be

the most efficient sidewall design identified in the test program; this program

will provide the transmission loss predicted to be necessary to achieve a

selected interior noise goal on the testbed aircraft. Additional promising

treatment designs will also be identified in the lab test program; a design

incorporatlng change to the outer fuselage structure will be included. Some of

the acoustic treatment changes that will be investigated during the laboratory

test progzam are shown in Figure 36 and 37.

99



IUK 36, ISOORIOSTRUCTURF

11l t11M N M111 It11 4

1	 0411111 411111 101*
NO ACOM IONA1,t1AM9g

t0,,, StIC OR MfNl lffiz 1191

141 Ni PT OM

1Mt 1 1111

1	 11M14 1 1I omit1.

"111111 \M1	 PUOV A q 11* AO

b	 11 AO AMU 1111 114	 Al 111A4 11

II
	 L

\ 140141 14 1 M PAM 1CIO AO
414A1A111	 11M1414 1*1 AIflII 1411

 1	 141 AN1(2a 2h 3a 340

Z/,	 1 141	 1 1	 1
/ 1	 14AM1I1ffiH11AN(4
'	 L 11 IW rr FRAMt 141 4114111? 014 4, 14 44

1 A¼Ml*l144At111l1l 41 WN OW

FIGURE'37 MODIFIED SIDWALL A 0t14U1C TREATMENT



OFf\RL E'C

Outdoor Teat Stand	
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Outdoor toot IIt%Ld acouu tic M0.11GUremellL6 Ofl an OPOfl rotor have significant

problems mont ioncd previously. However, assuming the prop-far/engine/

g%rbox/111Iee1.0 uystam will be LUfl on zi tist Stand With iostic meanureinnb

pitUty, it is propoiwd to obtain near field and far field acoustic data at
the fll1nt' t1ille an 00 oin'r static teuting Figure 38,

FEET C4&7

XISflNG MIC

107 

<	

4(r

13W	 W

211(0r@(1,4)
(1,92) 	 (ff

• - MICROPHONE LOCATION	 PROP PLANE

OUTDOOR TEST STAND FACILITY AT QUARTZSITE, ARIZONA

FIGURE 38. MEASUREMENT OF NEAR . AND FAR-FIELD NOISE ON OUTDOOR TEST STAND

This tctt will be useful for two reasons. The data inay provide advance

information of fute1u&o ncoutuic landing and c.MnrntIn1ty noise rc!I)rQEleneuttvc 02
conditions at brake release. The static test otand measurements may also

provide n valuable data bnse for future investigations which rely on static
acoustic data to tredtct in-flight noise. The ability to use i3tntic data may
become important When thc proi-fan system achieves production status bcnns
the airfrniner must, nchr8taud the situation with regard to noise ccitt tication
of the aircraft prior to construction. The i1ternnt Lvc to using static
acoustic data is the use of purely theorcticn.1 techniques, which may not
inspire the suuu' level of eonfidenee as test data. It is felt that the
non-periodic effects of turbulent inflow to the prop-fan call analyzed and
may not pose an insurmouttt ih le prohiem.
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(rtnud Static Iitttp

Aecunt.it'mmisuromentn will heperformedwLth the tenLh&itl aircraft up p rutLng on

the vaund during nu te L'uutIp	 The &'on Le mrs will eimntnt of rear field,

fill,, 1 Le id , and 1 n . r Lor nol it menoul,mmew cIurI.t 	 rofnn en (no flCV4i C:ton

power Eet: Itngn typtetl. oE:Ite/wri —up , taxi and 11 .Funclage and cbtn

v ( tt4t t LO1 It'voln wL1.t also he tfleilHt) rtd during thin part OU the touting, The

near 1 .Ieid and Interior naLti,1 monatiromotan will identify futiolage lond R

[UH t' iie/ n	 tt1 1 nottiv ri.d UL' t f.on	 and Interior n :1 ie levels in the ground

runup 0nVL1r0Ilffi0uL 4 The liteauu rem till t 0 Will he e rforwd with the hasolLno

acoustic treatment 1inrn1icd	 The for field monsurementn	 Figure 39, inay

provide InformnHan for 1wedictinn eommuntty no:Lno during ground n tn t .('

jt r t .Lout; •	 111 the event that far field('1(1 o.tno cannot he measured Winn tho

test ntnnd ongine runs, an nttenpt will be We to retate the far .ttold no:to

IUtfl HU tt duringir t te and tnx 1. tentm with t ho data monsured during

1evt1. fiyovern. It In fcLC thnt the enpahility of pvvdivHuR In-flight  level n

from star 11' data may be a necounary Ingredient in any future product Lon

progrnm

OO	 1644
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4 MEASUREMENT LOCATION
PROP PLANE

MEASUREMENTS TO HE PERFORMED IN A SURVEY MANNER AT
ROWER STTINQS REPRESENTATIVE OF IDLEAVARMUPJAXI, AND TAKEOFF

FIGURE 39. MEASUREMENT OF FAR-FIELD NOISE DURING GROUND RUNUP
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In ordc L to complete thc data necessary for tht interior nolse tvni till tion it

in praposvd to mensute cabin nbsoption coefficients. This will be done during
rciind tes t ink; by perform Ing rnvtrborn t ton time rncnsurIucnts using an

interntt1y—mounted random noise source. Reverberation.ton times will be lIttlLcd
iii the a r'a of acoustic t roa tiucnt modification while tu the ground, using the
nnine microphones as for the interior noise ;nciuuremon tn • 1evcrbern t .ton times
will be iiunnred For the nidciwnl 1 conf igurations that vary significantly in
absorption (i.e. * bircwu11, barewi1i damped, baseline).

Flight Tent

The f 1 tght tent program will include isiinenE of near field noise a well as

.interior noise and vibration during various cruise conditionn throughout the
flight  n v c1ope. The C0n(I it: ion'3 will be se lec ted to investigate thc' effects of
tlie following opeting trn	 ers: altitude, til.rspeed , pro -fan tip speed
blade unsnt' frequency, prop — fan disc loading and blade. angle. Thew
mensuremeuts will be performed with the baseline acoustic t rea tt*nt i ns in 1. ied
The tests will niensure ftiselagv acoustic loading, fuseinge/sldewnli noise
reduction, fuselnge response, lntertor noise, and -'tbrnt ton Levcis it tlw
selected operating conditions. The fuselage ic.td dota will nLso allow
determination of the effects of scaling model prop—.fan data to large
installations with flight effects; nnd t1u fuselage responc dntn will provide
the menus for vertftcntion 02 existing theoreticn]. prediction models.inodels.

Another portion of the flight teat ,rograrn will consist of nasuiicts of
external load, fuselage response and Interior noise with alternate acoust.tc
treatment designs installed. The alternate designs to be tested will linve been
identified in the laboratory test program. Two bnrewnli configurntions will be
inc luded , ano with cinrnptng nnd one without damping, in order to ldont{fy Lhe
absolute noise reductions of the fuselage structure and the sidewnii tentnients
separately. Acoustic and iribrat{on t L asurernclnts will made in the bnrewall
configtirition with constrained layer viscooinsttc damping treatment applied to
tIw akin pnne is ( in addition to the undamped barewall measuremonts) . Tilt'
nitC?nzIto sidewnil designs will be evaluated at one of the flight conditions
sciccted for the baseline treatment in order to minimize tlie number of
variables involved and to provide n rndily discernible basis for comparison.
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In akidition, It i3 p1nnecI LO test &l treatment ('on21urnt ton that in'1utit's
changvB to a section of Lho basic 2t1c uttr. The eigc may t1tid

he use of isogrid structure, which preliminary laboratory te.sting allows to
Iuivc.' good nt tenun c ton characteristics III

	 low nnd mid frequency range. The

inodiftod fuselage stricture wi]..1 be tested nt te same flight eonditton as the
ether	 tmet designs, piforrab1y in the barewnll configurnt ton.

Other acoustic objectives which cnn be nccomplished dt.irtsig this p1lase of tho
test program include tho evaluation 02 prop-2all o ppos 

I 
te rotution and

sy i' hrciiz tng ( usming n two-prop-fan te stbed ) . Presumably, 12 opposite
rotation is selected for the testbcd program, tlw testbod aircraft will be
flow" primarily with tho opposite-rotating A'8teIlU tfl3tai IOd . A col )nrnt tv
evaluntion cnn b' conducted by installing sine-iotnting systems (perhaps us 1 ng
one 02 the prop-2nn/geirbox spnres sets) and measuring external load, fuselage
rosponic, Interior noise, mid vibration during crulse at tlie flight conditions
PreViOtIs1y selected for testing the flcOUSt1C treatment Cl b SigflM. 'LItfl opposite
rotation evaluation can be run with any of the s idewa .11 C ien tinents 1 fl$ tn 1 lcd

but it is pre fe rnbie to usc' tbe bsel 1 nc' treatment its It will hive a brander
data base. Tht b refore, it may be nclv snhle to perform this evii,uat Lan before
thc' baseline tear.mcnt Is removed. Prop-fan synchronization van be evaluated
simply by d.Lsconnecting the synchLonier and allowing the relntive phase of the
prop-fansprol)-fans to change It is desirable to be able to monitor the rolative phnsv
angle of the prop-fans and record it s:LtntiiCnncous1y with the acoustle and

vibration data. Data to be inen urcd during the sync'hron 1 znt lan cvnluat lon
includes external loading, fuscilage t'esponse, interlor noise, nnd vibration.

It may be possible to measure for Eleld noise levols using Llw testbed oternft
by peL2orlIling it 	 of level flyovers at low altitudes at	 2,000 fecl
(610 m). However, at the present time, there is all 	 lowor altitude
limit of 15,000 feat (4,572 ni) imposed oil 	 testbed flight cnveloe far
Sa f  ty roasous • It is predicted that a one-englne-out condition below 15,000
feet (4,572 m) may luirodtice stability and control problems (discussed in
ne rodynntuics sce t Lan) $ Thero 20 re the level flyovers at mw altitxide may be
contingent upon relaxation of this restriction.
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T&,stbd instrumentation includes an exterior flush-mounted microphone ttrray in
the area of high prop-fan acoustic loading of the fuselage. A fairly extensive

array will be mounted on one side of the fuselage with a smaller array on the

other side (for the two-prop-fan testbed). The large microphone array is used

to delcrniine relative phase contours and magnitude of the prop-fan noise field
on the fuselage, while the smaller array is used primarily to acquire magnitude

information. Additionnl microphones may be placed on nacelle and wing surfaces

to measure the strength of the acoustic field for sonic fatigue analyses. For

the evaluation of prop-fan opposite rotation, the prop-fan installation to be

changed should, preferrably, be on the side with the more extensive microphone

nrruy. Instrumentation includes interior rnJ.crophoncu located near both
sidewalis and on the fuselage centerline. These microphones are hard-mounted
and 1octed in the area of high prop-fan loading. There will also be a

portable recording system on board to investigate problems which may arise. In
addition, it is planned to install a number of accelerometers to measure

fuse1ne and cabin vibration in key locations such as skin panels, frames, trim

panels, floor, etc. A sketch of the r.estbed aircraft acoustic and vibration

data acquisition system is shown In Figure 40

CENTERLINE/—MICROPHONE

EXTERIOR
MICROPHONES 	 FLUSH-MOUNTED

 ARRAY
'rio ENGIN E
PROGRAM ONI.

ACCELEROMETER
ARRAY MOUNTED
ON SKIN PANELS
AND RING FRAMES

DEWALL MICROPHONES

VIEW LOOKING AFT 	 11K1l1A

FIGURE 40. MEASUREMENT OF EXTERIORIINTERIOR NOISE AND FUSELAGE VIBRATION
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The tstbeJ aircraft will have a representative passenger interior in the area
of prop-fm loading Including seats, carpet, and interior panels. tho data
recording equipment will be located away from this area, probably in the rear
of the aircraft. All necessary data reduction cquiiivaut and techniques tire

available at the Douglas Long Beach facility as discussed in the flight test
portion of this report, Task V1
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TASK V

CONCEPTUAL DESIGN OF TESTBED SYSTEMS

The principal design changes to the basic DC-9 aircraft for the DC-9 prop-fan

testbed are encompassed in the integration of the prop-fan/engine/nacelle into

the basic DC-9 aircraft. With this propulsion system change, minor

modification to the fuel supply system, controls, and the installation of

necessary flight test instrumentation and recording equipment , the basic DC-9

may be converted to an appropriate prop-fan testbed airplane.

To properly orient the prop-fan/engine/nacelle on the aircraft wing, the

aircraft characteristics and propulsion system local onset flow field are

evaluataecl. For the DC-9, the aircraft rn 1e-of-attck as a function of lift

coefficient (CL) 1.s shown in Figure 41. The aircraft at1e-of-attack is

referenced to the fuselage reference plane. Using these data and the flow

field data similar to that shown in Figure 42, the excitation factors for

several tore and aft locations of the prop-fan are evaluated at critical flight

points. The results of this work provide the prop-fan orientation angles such

as are shown in Figure 13.

DC-9-10	 DC-9-30 AND C9
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FIGURE 41. DC49 LIFT VARIATION WITH ANGLE OF ATTACK
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FIGURE 42, DC-9 WING BODY FLOW FIELDS

The nacolle. external lines for the ftnailzed DC-9 f light teitbeiI may bt'
contoured In such a rninnr as to minimize the local disturbances to the wing
f low. Ana lytical inochads will be 

useti to determine the local flow strw11iws
and the nacelle will be accordingly shaped, within prLtctical structural and
nicImnicni constraints, to these streamlines.

The fIn1iI prop- fan/ engine/ nacelle installzition on the wing,, from the
aerodynamic paint of view, will be eva].inted by taking into account the
pressure distributions calculated for the pLopOsecl flight test geonu?try.

X DWANCI AHEAD OF WANG
LIADIG tDOt

Y • W$NWIU O*T FROM FtXKLAdE
1 '. VWflCA1. DOT FROM WING N.AN

ALL VILMMA R1&Tw9
TO 'CI $UM
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NACELLE AND WING STRUCTURAL INTEGRATION

The installation of a prop-fan on the wing of a DC-9 testbcd iircrnft is a

simple arrangement within minimum rework required to the existing structure.

The aircraft is to be refurbished, upon completion of the test progriun, to its

original configuration. The location of the prop-fan in relation to the wing

is critical, requiring a long nacelle which extends well forward of the wing

loading edge.

Previous turboprop installations have been mounted to a metal tube truss

arrangement as the propellers were generally a short distance forward of the

wing leading edge. These original structural arrangements utilizing tubular

members were not fail-safe due to a single strut configuration. Fixes

incorporated into this type of arrangement added weight to both the gearbox

mount and to the supporting nacelle structure. Consequently, with the long

nacelle necessary for the satisfactory prop-fait installation, consideration is

given to an integrated structural design. This has jroven to be a feasible

arrangemerit.

Two different turbosluft engines, the Allison T701 and T56, are considered for

use as the power source for the prop-fans. Each utilizes the same gearbox with

some slight modifications.

Preliminary sketches of the T701 and the T56 engine installations on the

DC-9-10 wing are shown in Figures 43 and 44, respectively. The T701

arrangement is more compact and the nacelle size meets the preliminary

requirements for blockage limitations set forth by Hamilton Standard for an

approximate ten foot (3.05 m) diameter prop-fan.

The length of the nacelle supporting the T701 engine package is 169 inches

(429 em), or 14.08 feet (4.29 m). This is measured from the wing quarter chord

to the prop-fan plane. The T56 installation is 179 inches (455 em), or 14.91

feet (4.55 m), based on the same ground rules. Based on Hamilton Standard

data,(Reference 2) shown in Figure 45, the minimum length for the T701 nacelle

designed forMcruise.8, with the ten foot (3.05 in) diameter prop-fan, is 147

inches (373 cm or 12.2 feet (3.73 m).
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WING C/4

1691N. (429 cm)
_I

(1 -	
—

--— — .L,

mAPROP-FAN (T)	 c?
*	 1	 IGUI lIMb

FIGURE 43, INSTALLATION OF ALLISON 1701 ENGINE AND PROP-FAN ASSEMBLY ON
DC-9-10 AIRCRAFT WING

WING C/4
—179 IN. (455 cm

385 IN. (97.8 cm)

N\

8-FOOT (2.44 m) D IA
PROP-FAN

ccI,Ih

FIGURE 44. INSTALLATION OF ALLISON 156 ENGINE AND PROP-FAN ASSEMBLY ON
DC-9-10 AIRCRAFT WING
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PROP-FAN DJA TER - D (FT)

PROP-FAN DIAMETER - 0 (m)

LOADS FOR 6 BLADES,

M=59P00I0/16I

V.485ID/16I2

LOADS FOR 8 AND 1OBLADES:

M=78.750ID/1613

V1180010/1612

WHERE

DISIN FEET
M 15 IN INCH-POUNDS
V ISINPOUNDS

Mn 0.6	 017	 0.8
p 3.6	 33	 29

9.5 DEG 7.8 DEG 63 DEG
WHERE:

Mn 15 FREESTREAM MACH NO.
15 FIRST ORDER EXCITATION FACTOR

W 15 NACELLE TILT ANGLE RELATIVE
TO WING ZERO LtFT LINE

FIGURE 45. MINIMUM PROP-FAN NACELLE LENGTH AND LOAD DATA (REF 2)

The minimum length of the T56 nacelle, with an 8 foot (2.44 m) prop-fan, is not

quuced on Figure 45. The T56 nacelle is longer than the T701 nacelle and is,

therefore, assumed to exceed the minimum length. The nacelle lengths are

determined by positioning the engines completely forward of the wing front

spar. This positioning allows easy access to, and removal of, the engine

without removing the nacelle.

The basin diameter of the nacelle for the T701 installation is 42 inches (107

cm) which corresponds to 35 percent of the 120 inches (305 cm) prop-fan

diameter. This is compatible with the Hamilton Standard recommendations as

noted on Figure 46.

111



0.31

NACELLE DIA	 02
PROP-FAN DA

0.2

ORIGINAL PAOt IS
OF POOR QUALITY

0 L._.—. -	 1	 1

0	 10	 20	 30	 40	 50	 60
SHP/D2 AT 35,000 F (10,668 m) S. D. (DESIGN CASE)

0	 100	 200	 300	 400	 500
KW/m2

FIGURE 46. RECOMMENDED NACELLE/PROP-FAN DIAMETER RATIO

The T56 installation has the same gearbox; therefore, the nacelle can only be

reduced to a minimum of 38.5 inches (978 cm) diameter, thus the nacelle to

prop-fart diameter ratio becomes 40 percent which is in excess of the Hamilton
Standard recommendation.

Guidelines were established by Hamilton Standard for the design of the prop-fan
spinner and hub. The shape of the system is plotted in Figure 47. The T701
engine installation Is able to conform to these lines. The T56 nacelle
requires a larger hub than the 35 percent recommended..

As noted in previous sections, the Allison T701 engine package is selected for
the DC-9-10 testbcd installation. The structural configuration will be
described for this system in the following paragraphs.
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-IN. (53.3 cm) R 0,060-IN. 0.152 cm) SKIN

• SKIN GAUGE
0.06-IN. (0,152 cm) THICKNESS

• ZEE STIFFENERS
11 PIECES, 1-IN, (2.54 cm) DEPTH

• CHANNELBEAMS
2 PIECES - 3-1N. (7.62 cm) WIDTH

1.41-IN. 13.58 cm) HEIGHT

•	 - 50.000 P81 (3515 kg/M2) FOR NACELLE
TEST BED
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_ 1
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0,4

0.3

0.2

X/R PROP

0.1

BLADE
r	 1	 1 STI 1 	 T

AXIS

- - --

/

----------

__J__ J	 J _L	 1	 L J
—0.6 —0.5 —0.4 —0.3 —0.2 —0.1 0 0.1 0.2 0.3 0.4 0.5 0.6

Y/RPROP	 11 QLN HI3

FIGURE 47. RECOMMENDED PROP-FAN SPINNER AND HUB DESIGN

Structural Configuration

The structural arrangemeLzz of the T701 nacelle is a horseshoe shaped
semi-inonoaoqua aluminum configuration consisting of frames, stiffeners and
skin, as shown in Figure 48.

1

OGEPC 27460

FIGURE 48. DC-9 PROP-FAN NACELLE STRUCTURE
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A rnodt1cd ro gearbox and n T701 0n1ne are nec'urQd together as n single unit;

therefore, thoir structural support is tit che 8carbx Centerline and ttw af 1

mount OI  the cng Inc • Fail-safe nUI)pOvLn can be dcutgnecL at eneb attach 10&Ut

and thc nhc1. structure 1i it 	 incinber between them

Aeeotn to the cnitne section In through nn access door covering the entire

lower portion of the nacelle. The door opening to from the back face of the
gcncI)ox to midway between the wing leading edge and front apnr. The CIOOL' 18

hinged oil 	 outboard side and when closed and 1nteud will provide a torque

paLii for the balance of the structure. TRe door structure In an n1urnntitu innor

and outer skin nrrnngciucnt stiffened with aluminum ribs.

The engine and gearbox assembly 19 positioned tit nu angle to the et teriine of
the nneei1e, in the profile view, in order to provide adequate prop-fan ground
c tcarnnco and to keep the nacelle e1o90 to the witig upper surface. The engine
tail p1pc Ls positioned no that any mw 1uc1 from eugine starts will dma 1 n aft,
away (? roul wing structure.

Nnccllc Attncluneut to Existing Wing Structure

Two aircraft have bceii considered for the flying tentbed. They are the -10 nnd
-30 uericn 02 the DC-9 airplane. The two wing structural boxes are similar.
The -30 in more difficult to rework because of the leading edge nint System.
The proposed ntmuetumnl Integration of the prop-fan nnce110 in such that
minimum of rework is necessary to the wing box. Two machined fittings re
mounted to the forward side of the front spar. Straps are installed on thc
upper and 1owr skins to introduce the loads into the wing box.

Two machined fittings are attached on tbe aft side 02 the rear spar with straps
from te fittings to both nkInn • The forward set of attnchient8 resist
vertical, thrust, and side loads. The aft sot has vert:ical and side loads. A
pictorial view is nhowti in Figure 49.
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FIGURE 49. SCHEMATIC OF NACELLE/WING STRUCTURAL INTERSECTION

The tuicalie extends at over one spoiler and the flap system. Therefore, this

spoiler and the opposite wing spoiler section must be deactivated. The nacelle

support fittings on the rear spar do not encroach upon the spoiler structure;

therefore, no str .ural rework is required. The nacelle 16 cantilevered from

the rear spar aft; consequently, operation of the flap system is not affected.

The wing leading edge structure is removed in the area of the nacelle and will

have to be replaced for refurbishing. The -10 series aircraft has only the

fixed leading edge. The -30 series has a slat system that must be deactivated

on the opposite wing for flight tests. The rework of the slatted wing is more

extensive than for the fixed structure of the -10 aircraft.

Preliminary Load Criteria

The DC-9 aircraft design speeds are plotted in Figure 50 for both the -10 and

-30 series. Each has an 0.84 Hach number cruise capability at altitude, from

23,500 to 35,000 feet (7,163 to 10,668 m).
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FIGURE 50. AIRCRAFT DESIGN SPEEDS

The prop- fnn/g rbox system strength  will be assumed to be sIe 1fe thus

precluding fail-safe design for tiny remote possibility of a seiuie of the
rotating elements. However, engine seizure of the gas generator, resulting in

decoupiing between itself and tlie gearbox will be considered. Spool-down time
will be one (1) second for any single spool seizure. The spool-down time for
any two spool siziires will be two (2) seconds. This follows DC-10 .fan jet
c r i t e i: 1 n.

Structural integrity involves safe flight throughout the expected flight regime
for the pro-fan tastbed. Structural placards related to possible restrictions
such as gross weight, inetivcrs placard s i .eds and touchdown sink rate will he
determined in the design phase.'
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The loads used to define the preliminary structural inalnbcr sizes are based on

typical wing mounted nacelle load factors from the DC-10 criteria. The noted

load factors and thrust loads are listed in Figure 51. The preliminary
analysis gives values for wing-to-nacelle attach loads that can be tolerated by

this structural arrangement without a major wing rework program. The loads are

noted in Figure 52. The final nacelle-wing attach loads will be determined in

the tcstbcd design phase.
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FIGURE 51. NACELLE STRUCTURAL LOADS
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FIGURE 52, NACELLE/WING FRAME SUPPORT LOADS
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Preliminary Whirl Mode Analysis

Hamilton Standard has determined the minimum structural stiffness required to
prevent the prop-fan whirl mode and it is replotted as a "carpet plot, Figure
53. The stiffness of the nacellee is shown in Figure 54.

1

0.00L	 0—' V V V V V

I•ocg.914UJ

FIGURE 53, NACELLE STIFFNESS REQUIRED TO PREVENT WHIRL FLUTTER VERSUS
PROP-FAN .DIAMETER-TO-NAcELLE-LENGTH RATIO

L = 125 IN. (3llcm)

GEARBOX	 FRONTSPAR
C.G. LOCATION	 BULKHEAD STATION

DOWNWARD DEFLECTION
(FROM TIE-IN OF NACELLE TO WING TO CENTER OF GEAR BOX)
0.0361 INCHES PER 1000 .18 LOAD (0.0917 cm/453 kg)

LATERAL DEftECTION
(APPLIED AT ATTACHMENT OF GEAR BOX ON NACELLE)
0.021 INCHES PER 1000 .18 LOAD (0.0587 cm/453 kg)

FIGURE 54, STIFFNESS OF PROP-FAN NACELLE
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Definition of terminology shown in the preceding Figures 51 and 52 is as

foliows:

KT

L

D

-	 niiniinuni effective torsional stiffness of wing/nacelle
mount system (pitching)

-	 distance from the wing 0/4 station to the prop-fan plan
of rotation

-	 Prop-fan diameter

A preliminary flutter/whirl mode analysis is performed to determine the
feasibility of installing the prop-fan assembly as far forward of the wing as

required with the stiffened inonocoquc structure as developed. This analysis is

performed using the Allison T701 engine with a 10 foot (3,05 m) diameter 10

blade prop-fan with a tip speed of 800 feet per second (244 m/sec).

The results are shown in Figure 55. The total installation is predicted to be
flutter-free and stable in a iibir1 mode up to 1.2 VD (475 KEAS) [475 km/kgl of
the DC-9 airplane. These conceptual analyses will be expanded prior to design

release.

7

0	 1	 2	 3	 4	 5	 6	 7
ENGINE PITCH FREQUENCY (Hz)

FIGURE 55. WHIRL FLUTTER BOUNDARY

Prop-fan Excitation Factors

Hamilton Standard performed several analyses to determine the effect on

prop-fan excitation factors of length of nacelle, wing sweep, and direction of
rotation near the fuselage for the DC-9--10 aircraft. The lowest factors for
the T701 and T56 installations occurred for a prop-fan rotation where the tips
rotate up near the fuselage (up inboard).
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The effect of prop-fan rotation on excitation factors are compared to design

values formulated by Hamilton Standard and are presented in Figure 56. As

shown In Figure 56, the excitation factors are lower for the up-inboard
rotation case. The prop-fan excitation factors are calculated for the T701
engine instnllntion on both the -10 and -30 series of the DC-9. The results
are compared to each other and to the established design values shown On Figure

57. For this comparison the prop-fan rotation considered in this figure is
down-inboard. The series -30 arrangement has the lowest calculated values for
the excitation factor.

DC-9-1O
PROP-FAN DIAMETER 9.5 1T (2,90 m) T.701

8.1 FT (2.47 m) T-56

NACELLE DOWNTPL.T - 4.3 DEG (0.075 rad)
PROP PLANE DISTANCE TO WING C/4 14.08 FT (4.29 m)
MAXIMUM WEIGHT CLIMB

HAM STD
DESIGN	 UP1NBOARD	 DOWN INBOARD
VALUE

T.i0	 T-56	 T-701	 T.56

4.5	 3.7$	 3.670	 4.753	 4.617
3.3	 8.329	 3.255	 3,329	 3.253
1.0	 1.0	 1,0	 1.0	 1,0
0.375	 0.062	 01058	 0.312	 0308
0.111	 0,054	 0.052	 0,085	 0.02
0,048	 O,OU	 0,010	 0.023	 0.023
0.024	 0.003	 0,002	 0.007	 0.006

PROP-FAN ROTATION

TURBOSHAFT ENGINE

EQUIVALENT DES JP EF
BASIC 1P ONLY

ip
W> 2P

3P
4P
513

•Cth V 01A

FIGURE 56. EFFECT OF DIRECTION OF PROP-FAN ROTATION AND EXCITATION FACTORS (EF) OF
PROP-FAN INSTALLATION

MAXIMUM WEIGHT CLIMB
PROP-FAN DIAMETER 	 9.5 FT (2.90 ni)
PROP-FAN ROTATION - DOWN INBOARD

HS	 DC-9-10	 DC-9-30
DESIGN
VALUES	 T.701	 1.701

EQUIVALENT DES 1P EF
	

4,5
	

4.753
	

2.940
BASIC 1P ONLY
	

3,3
	

3,329
	

2.736
1P
	

1.0
	

1.0
	

1.0
w	 0.375

	
0.312
	

0.072

	

0.111
	

0.085
	

0.004

	

0,048
	

0.023
	

0.008

	

0,024
	

0.007
	

0.003

g CW U4A

FIGURE 57, DC-9 . 10 AND DC-9.30 PROP .FAN EXCITATION FACTORS

120



PAGE
OF POOR QUALITY

DC-9-30

Sensitivity of the prop-fan excitation factor to nacelle installation geometry

is calculated for the T701 engine on the DC-9-30 airplane. Parametric

variation of down tilt angle and nacelle length (Figures 56 through 58) are

considered. The down tilt angle refers to the orientation of the prop-fan

relative to the wing zero lift line such that the inflow to the prop-fan is at

or near zero degrees. The down tilt angle for the prop-fan is varied from

o degrees to -6 degrees (.105 radians). The 6 degree (.105 radians) down tilt

position has the smallest excitation factor. As can be seen from Figure 58)

the shorter nacelle length, 9.0 feet (2.74 m), results in considerably higher

excitation factors over those associated with the basic design length of 14.08

feet (4.29 m).

1-701 TURUOSHAFT ENGINE
MAXIMUM WEIGHT CLIMB

PROP PLANE 10 C/4 = 14,08 P1 (4.29 rn), DOWNTILT	 4.3 DEGREES (0.075*rad)
PROP-FAN ROTATION - DOWN INBOARD
NACELLE

iASIC	 LENGTH	 DOWNTILT	 DOWNTILT	 DOWNTILT
CONDITION	 us 9.0 P1	 = 6 DEG	 = 2 DEG	 = 0 DEG

(2.74 m)	 (0.105 red)	 (0.035 rad)
2.940	 4.682	 2.139	 4.0811	 5.130
2.736	 3.619	 2.031	 3.682	 4.500
1.0	 1.0	 1.0	 1,0	 1.0
0.072	 . 0.135	 0.044	 0.108	 0.138
0.004	 0.043	 0.007	 0.002	 0.004
0.008	 0.005	 0.010	 0.006	 0.005
0.003	 0.0009	 0.004	 0.003	 0.002

EQUIVALENT DES 1P EF
BASIC 1P ONLY

ip
w 2P

3P
4P
5P

*[REFERENCE CASE]
OI1fl1)QA

FIGURE 58. SENSITIVITY OF PROP-FAN EXCITATION FACTOR TO NACELLE INSTALLATION GEOMETRV
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Alternate Testbed Structural Arrangement

The bn1c installation of the prop-fan Lucc11e an the wing is shown in Figure

43. The axcitntion factor is Influenced by the nacelle length as measured from

the wing quarter chord and by the angle the prop-fan plane makes with the wing

zero lift line. Therefore, a proposed testbed structural arrangement to

determine flight test data for various nacelle lengths and prop-plane tilts is

developed during this phase of the study. A schematic is shown in Figure 59

NACELLEI$UPPORT	
FAIRING
OVERLAP

PIVOT	 _4
DIVIDING PLANE 

	

J:14P

I-ACESI	 14,
./-7 TYPICAL FRAME	 TYPICAL FRAME

	

4 PLACES)	 (4 PLACES)

\'-I

L)
Ll 12T	

- ADJUSTMENTt
FOR NACELLE
TILT - 0 TO 3 DEG (0,062 r.dI

/

NOS UOWNI
3ON. 12a.4 Cn i? LONG DOOR
SEGMENTS
tTYPICAL 3 PLACES)

PUk Iti4

FIGURE 59. PROPOSED NACELLE TESTBED ARRANGEMENT FOR VARIOUS
PROP LOCATIONS AND TILT RELATIVE TO THE WING

The nacelle is attached to a mounting plate with eight tension bolts. There

are three additional nacelle frames each at the wing front and tear spar

attachment locations. Thus the nacelle may be moved as much as 30 inches (76.2

cm) aft from the initial installation. The lower access door has three 10 inch

(25.4 cm) long segments that may be removed separately as needed when moving

the nacelle aft.

The mounting plate is arranged such that it may be tilted nose down by pivoting

at the wing front spar location. The wing rear spar connection controls the

amount of tilt. The simple mechanical adjustment could be made on the ground.
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PREFERRED NACELLE/WING INSTALLATION

Prallminnry layouts and conceptual r1na1,bes have shown the feasibility of

installing a semi-inonocoque structure nacelle, by means of four-point

attachment, to a DC-9 wing for flight testing. The resulting structural

stiffness is adequate to prevent whirl flutter. Provision is made for easy
engine removal. Rework of the wing box structure is minimized as an aid to

refurbishment after the test program. Summary of the advantages of this
engine/prop-fan structural mounting concept is given in Figure 60.

SIMPLE, STRAIGHTFORWARD MOUNT

STIFF MOUNT EFFECTIVE IN FLUTTER AND/OR WHIRL
FLUTTER REDUCTION

EASE OF MAINTENANCE

. ENGINE REMOVAL FREE OF WING INTERFERENCE

• ACCESS TO NACELLE

• MODULAR ENGINE/PROP-FAN/GEAR BOX/ACCESSORY MAINTENANCE
SQQIM1PO

FIGURE 60. ENGINE/PROP-FAN STRUCTURAL MOUNTING CONCEPT ADVANTAGES

It is recommended that a testbed article should be built and flown utilizing
the alternate configuration 10 obtain data for the various nacelle lengths and
tilts possible. Consideration should be given to the possibility of changing

the tilt during flight since various stages of a flight mission profile could
impose large excitation factors when the prop-fan is not aligned correctly with

the wing flow field.
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PROP-FAN CONFIGURATION WEIGHTS

Three testbed prop-fan propulsion system installation concepts are evaluated

utilizing )C-9-10 weights and geometry (shown in Table 4) as the baseline

airplane. The three wing-mounted prop-fan propulsion systems considered are

one Allison T701 turboshaft engine, one Allison T56 turboshaft engine, and the

two Allison T701 turboshaft cng&nes shown in Figures 11, 12 1 and 13,

respectively.

One T701 Prop-fan Configuration

A group weight summary of the one engine T701 prop-fan installation, Figure 11,

is presented in Table 5 	 Description of the component systems follows.

The wing gcometry and weight is like the DC-9-10 aircraft, except for a minimal

rework which is required for the integration of the prop-fan nacelle to the

wing. The rework includes the installation of four attach points (two fittings

located forward of the front spar and two fittings located aft of the rear

spar). The wing weight includes a weight penalty for the eight loca]. straps,

located an the upper and lower skin panel and at each attnch point, which
distribute the prop-fan installation loads into the wing box structure.

The horizontal and vertical stabilizer, fuselage, landing gear design and
weights are identical to the DC-9-10 airplane.

The flight control system weight is identical to the DC-9-10. The inboard

spoiler panel and actuation mechanism on both sides of the wing is deactivated.

The weight penalty required to deactivate the mechanism is negligible.

The turbofan nacelle, pylon, engine, and engine system weight of the basic

prop-fan testbed airplane is identical to the DC-9-10 aircraft.

The fuel system weight is increased over the base DC-9-10 weight to reflect Lhe

additional plumbing required to supply fuel from the existing DC-9 fuel system

to the prop-fan engine.
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TABLE 4

WEIGHTS AND GEOMETRY

BASELINE DC-9-10 AIRCRAFT

Maximum Ramp Cross Weight

Maximum Takeoff Gross Weight

Maximum Landing Gross Weight

Maximum Zero Fuel Cross Weight

Operational Empty Weight

Manufacturer's Empty Weight

Trapezoidal. Wing Area (Planfortn Area)

Theoretical. Horizontal Tail Area

Theoretical Vertical Tail Area

Total Fuselage Length

English Units
87,100 lb
86,300
81,700
71,800
50,213*
47,602*

834 ft 
276 ft 

161 f t 2

1,105 in

Metric Units

39,501 Kg
39,138
37,052
32,562
22,772
21,588

77.5
35.65 ni2
14.96 m2

28.07 m

Total Number of Passengers
	 72

(12) First Class

(60) Tourist

Two (2) Aft Fuselage Side-Mounted JT8D-7

* Derived from Air Canada DC-9-14 (DTS 3506)** and averaged actual MEW of
six aircraft at time of original delivery.

** Air Canada Series 14 (Series 10 Standard airplane plus Specification

Change Notices) defined in Detailed Type Specification 3506.
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TABLE 5A

DC-9-10 PROPFAN TESTBED GROUP WEIGHT SUMMARY

ONE WING MOUNTED ALLISON T701 PROPFM

English Units

Maximum Ramp Gross Weight
	

87,100 lb
Maximum Takeoff Gross Weight
	

86,300
Maximum Landing Gross Weight
	

81,700
Maximum Zero Fuel Gross Weight
	

71,800

Wing
Horizontal Tail
Vertical Tail
Fuselage
Landing Gear
Flight Controls
Nacelle and Pylon - Basic Airplane
Engine and Systems - Basic Airplane
1ropfan Propulsion System

Turboshaft Engine
Propeller and Controls
Gearbox and Struts
Engine Systems
Nacelle, Exhaust, and Mourit Structure
Nacelle to Wing Attach

Fue.1. Systems
Instruments and Warning
Auxiliary Power Units
Hydraulic System
Pneumatic System
Electrical System
Avionics
Furnishings
Air Conditioning
Ice Protection
Handling Gear
Ballast Laterai.

9,290
1,527
1,092
9,336
3,640
1,276
1,418
7,119
3,925*

1,152 lb
857
658
321
892
45

534*
665
805
418
283

1,275
671

6,825
1,016

472
19

2,030*

Testbed Manufacturer's Empty Weight
	

53,617 ].b

Testbad Operator Items (Table 6)
	

1,020*

Testbed Operational Empty Weight
	 54,637 lb

*changed or added weight
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Maximum Ramp Gross Weight
Maximum Takeoff Gross Weight
Maximum Landing Gross Weight
Maximum Zero Fue]. Gross Weight

39,501 Kg
39,138
37,052
32,562

TABLE 5B

DC-9-10 PROPFAN TESTBED GROUP WEIGHT SUMMARY

ONE WING MOUNTED ALLISON T701 PROPFAN

Metric Units

Wins
Horizontal Tail
Vertical Tail
Fuselage
Landing Gear
Flight Controls
Nacelle and Pylon - Basic Airplane
Engine and Systems - Basic Airplane
Propfan Propulsion System

Turboshaft Engine
Propeller and Controls
Gearbox and Struts
Engine Systems
Nacelle, Exhaust, and Mouñt Structure
Nacelle to Wing Attach

Fuel Systems
Instruments and Warning
Auxiliary Power Units
Hydraulic System
Pneumatic System
Electrical System
Avionics
Furnishings
Air Conditioning
Ice Protection
Handling Gear
Ballast Lateral

4,204
692
495

4,234
1,650

57.
643

3,228
1,780*

522 Kg
389
298
146
405
20

242
302
365
190
128
578
304

3,095
461
214

9
921*

24,316 Kg

463*

24,779 Kg

Testbed Manufacturer's Empty Weight

Tested Operator Items (Table6 )

Testbed Operational Empty Weight

*
Changed or added weight
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The prop-fan propulsion aystein weight includes a T701 turboshaft engine, a0

blade Hamilton Standard prop-fan and prop-fan controls, a modified T56 gearbox,

engine related systems, nacelle and mounting structure and nacelle to wing

attach structure. The T701 engine weight Is based on information dated August

1950 from Detroit Diesel Allison. The prop-fan weight represents n 10 blade,

9.5 foot (2.90 m) diarneter, 500 feat per second (244 rn/8ec) tip speed, Hamilton

Standard prop-fan. The prop-fan weight is based an Hamilton Standard's weight

estimate which accounts for non-production processing methods and the use of

current technology. The gearbox is a modified T56 gearbox; the modification

provides compatibility between the T701 engine prop-fan, and T56 gearbox. The

gearbox weight 18 based on information from Allison and includes the gearbox,

shaft, struts, and oil. The prop-fein engine-related systems weight is based on

the P-3A Allison T56-A-10 systems weight which includes the lubrication system

(oil tank installation, cooling system, ducting, and plumbing), engine

controls, fire warning and extinguistiing system and the start system.

The nacelle structure weight is based an a preliminary design layout shown in

Figure 43. The metal fabricated upper nacelle 8tJCULe is a semi-rnonocoque

design, constructed from skins, zee stiffeners intermediate frames, engine and

nacelle mounts and frames, machined bulkheads, shear clips, lower keel beam

members, and attachments. The lower access door panel installation weights

include skins, doublers, frames, latching and hinges. The weights for the

upper nacelle structure and lower access doors are estimated from preliminary

structural member sizing calculations. The engine air inlet installation

weight is based on preliminary es imates and includes skins, frames, intake
duct, hp assembly, seals, and attachments. The engine exhaust tailpipe and
aft fairing installation weights are based on statistical data of similar

designs. The weight includes the Inner tailpipe installation, which starts at
the turbine rear flange and terminates at the exhaust nozzle plane, and the aft
outer fairing installations, which begins at the rear spar plane and ends at
the exhaust nozzle plane. The nacelle weight also includes the lower nacelle

to wing fairing and a titanium fircshiel.d located between the wing leading edge
and the rear spar. The nacelle to wing attach structure weight is based on

preliminary estimates and does account for the attach structure and nttachments
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required to UCCUQ the prop-fan installation to the four attach points located

oa the wing. The group weights for to inutrtunLs and warning system,
nauxiliary power unit, hydraulic system, electrical 8y8t(Iu vion1cn, air

conditioning system, ice protection sys tem, and handling gear are idnticil to
the base DC-9-10 weights.

The furnishings group weight 1s also ident1al to the base DC-9-10 which

includes t4eat8 and passenger accommodations for twelve (12) first class
passengers and sixty (60) coach passengers. The production DC-9-I0 cabin

S±dUW8ll panels and acountic treatment, shown in Figure 33. are used fur the
baseline teutbecl wc1ght. The weight penalties nsiocLated with the various

acoustic treatments required for the acoustic test are ansumed part of the
payload weight.

The base DC-9-10 pliI3untutic system woight is increased to reflect additional

ducting, valves, and controls necessary to Supply bleed air to s tu it the
prop-fan engine, The weight penalty for the modification is based on

preliminary estimates.

The lateral imbalance caused by the single prop-fim installation on ono side of
the wing 18 corrected by Ln8tai].irtg ballast on the opposite side of the wins;

thus the testbcd airplane lateral flying qualities are made similar to the

basic DC-9. Lead weights are installed in the wing between the front and roar
spar at the most practical outboard spnnwise location.

The operator items weight for the tctbcd airplane Is hnsod on the ACA (1)TS
3506) DC-9-14 weights and modified to represent weight consisting of items most
likely to be considered in a testbcd program. The modiEication includes the
removal of two cabin crew members and their nge food, liquids, commissary
equipments cabin supplies, galley inserts, and twenty gallons of potable water.
The remaining weight, with the addition of the prop-fan engine oil and unusable.
fuel weight Is shown in Table 6.
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TABLE 6

TESTBED OPERATIONAL ITEMS WEIGHT

ONE ALLISON T701 PRO1'PAN

gliah Units Metric Units

Unusable Fuel

Unusable Oil (Base Engine, APU & CSD)

Toilet Chemicals and Water

Craw Compartment Nanun1

Emergency Escape Chuta

249 lb

46

45

10

48

113 Kg

21

20

5

22

Flight Crew - 2 @ 170 lb (77.5 Kg) each
Briefcases

0±1 (Basic Engine and APU)

Potable Water

0±1 and Unusable Fuel - Turboehaft Engine

Tota]. Tastbed Operational Items Weight

	

340
	

154

	

15
	

7

	

89
	

40

	

85
	

39

93
	

42

1,020 lb
	

4&2 Kg
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ORIGINAL PAGE IS
OF POOR QUALITY

The balance diagram, shown in Figure 61, represents the loading features of the

base DC-9-10 airplane. The operational empty weight center-of-gravity (e.g.)
of the one engine prop-fan configuration and the two engine prop-fan
configuration are superimposed over the DC'-9-10 to show that all of the
prop-fan configurations are within the DC-9-10 e.g. limits. The test equipment

(payload) should be placed in the forward section of the passenger cabin to
insure that the airplane e.g. is always forward of the alt balance limit.

10	 15	 20	 25	 30	 35	 40	 45 DATEz 10107100

50
(61

(4)

8

4])
	

1-
tu
	 6

5

4

3

PERCENT MAC
12

11

10

0

(1)'-	 I\lI1 1/11/	 1.	 1	 1	 1	 L 1	 1
-48 -35 -30 -25 -20 -15 -10 -.6	 0	 5	 10 15 20 25	 30 35 40 45

MOMENT - 100,000 IN.-L0
1	 1	 1	 J,_	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 t	 .I_______l

(-60)(-45)(-40)I(-35?(-.30-.25)(-201(-15))t-10) (-5)	 40) (10) (16) (20) (26) (30) (36) (40) (45) (60) (50)
ENGLISH UNITS	 4cn.k s 10)

MAX TAXI WEIGHT (MTW) ILD)l 	 07100	 MEAN AERODYNAMIC CHORD (MAC) (1N,): 141.500
MAX TAKEOFF WEIGHT CMTOWJ (10): 	 06300	 LEADING E005 MAC (5711):	 543.130
MAX LANDING WEIGHT (MLW( (10):	 01720	 QUARTER CHORD (C14) (STA):	 580,000
MAX ZERO FUEL WEIGHT 1M7.FW) (LO): 71800	 INTERIOR ARRANGEMENT	 REFERENCE STATION (CIA); 	 500.000
OPERATORS EMPTY WEIGHT (DEW) (10): 58213 	 PER 0W5 50005.40	 DEW CENTEII OF GRAVITY (STA); 	 502.000

METRIC UNITS
MAX TAXI WEIGHT 1M'rw) ki	 44036	 AN AERODYNAMIC CHORD (MAC) (m): 359.4
MAX TAKEOFF WEIGHT (MTOW) (ko):	 39138	 LEADING EbOE MAC (5TH) 	 1370
MAX LANDING WEIGHT 4MLW) (kg) 	 37081	 QUARTER CHORD (C14) (STA): 	 1473
MAX ZERO FUEI. WEIGHT IMZFW) (k1: 32502 	 REFERENCE STATION (CIA);	 1473
OPERATORS EMPTY WEIGHT (OEWI jk): 26400	 DEW CENTER OF GRAVITY (STA): 	 1277

804CN474 111

FIGURE 61. DC.9-10 CG DIAGRAM
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Two T701 Prop-fan Configuration

A group weight summary of the two engine T701 prop-fan DC-9-10 configuration

(Figure 13) Is shown in Table 7

The wing weight is similar to the one rngina prop-fan configuration shown in

Table 5 except the rework weight penalty for the integration of the prop-fan

nacelles to the wing Is twice as much as the one engine prop-fan configuration.

The horizontal stabilizer, vertical stabilizer, fuselage, landing gear, flight

control system, and the basic airplane nacelle, pylon, engine, and engine
system weights are identical to the one engine prop-fan configuration.

The fuel system weight is like the one engine prop-fan fuel system weight,

except the prop-fan engine fuel supply plumbing weight penalty Is twice as much.

The two angina prop-fan propulsion system consists of two Allison T701 prop-fan
installations (one on each side of the fuselage). The geometry is like the one

engine T701 ptop-fan installation with the engine, propeller and controls,

engine systems, nacelle, engine mounting structure, and nacelle to wing attach

structure. The total propulsion system weight is twice as heavy as the one

engine prop-.tan installation. A weight penalty is added to one modified T56

gearbox to reflect an idler gear and housing installation required for the

opposite rotation prop-fan.

The group weights for the instruments, auxiliary power unit, hydraulic system,

electrical system, avionics, furnishings group, air conditioning group, ice

protection group, and handling gear are identical to the one engine prop-fan
configuration.

The pneumatic system weight is like that of the one engine T701 prop-fan
configuration, except the prop-fan engine start system ducting, valve, and

control weight penalty is twice as heavy as the one engine prop-fan penalty.
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TABLE 7A

DC-9-10 PROPFAN TESTBED GROUP WEIGHT SUMMARY

TWO WING MOUNTED ALLISON 'r701 PROPFAN

English Units

Maximum .Ramp Gross Weight
	

87,100 1b
Maximum Takeoff Gross Weight
	

86,300
Maximum Landing Gross Weight
	

81,700
Maximum Zero Fue]. Gos Weight
	

71,800

Wing
Horizontal Tail
Vertical Tail
Fuselage
Landing Gear
Flight Controls
Nacelle and Pylon - Basin Airplane
Engine and Systems - Basic Airplane
Propfan Propulsion Systei

Turboshaft Engine
Propeller and Controls
Gearbox and Struts
Engine Systems
Nacelle, Exhaust, and Mount Structure
Nacelle to Wing Attach

PuaI Systems
Instruments and Warning
Auxiliary Power Units
Hydraulic System
Pneumatic System
Electrical System
Avionics
Furnishings
Air Conditioning
Ice Protection
Handling Gear
Ballast Lateral

9,290
1,527
1,092
9,336
3,640
1,276
1,418
7,119
7,850*

2,304 lb
1,714
1,316

642
1,784

90
554*
665
805
418
404*

1,275
671

6,826
1,016

472
19
0

Testbad Manufacturer's Empty Weight

Testbed Operator Items (Table 8)

Testbed Operational Empty Weight

*
Changed or added weight

55,572 lb

- ,113*

56,685 lb
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TABLE 7li

DC-9-10 PROI'FAN TESThED GROUP WEIGHT SUNNARY

TWO WING MOUNTED ALLISON T701 PROPFAN

?'etric Units

Maximum Ramp Gross Weight
	

39,501 Kg

Maximum Takeoff Gross Weight
	

39,138

Maximum Landing Gross Weight
	

37,052

Maximum Zero Fuel Gross Weight
	

32,562

Wing
Uorizonta]. Tail
Vertical Tail
Fuselage
Landing Gear
Flight Controls
Nacelle and Pylon - Lesic Airplane
Engine and Systems - basic Airplane
Propfrn Propulsion System

Turboshaft Engine
Propeller and Controls
Gearbox and Struts
Engine Systems
Nacelle, Exhaust, and Mount Structure
Nacelle to Wing Attach

Fuel Systems
Instruments and Warning
Auxiliary Power Units
Hydraulic System
Pneumatic System
Electrical System
Avionics
Furnishings
Air Conditioning
Ice Protection
Handling Gear
Ballast Lateral

4,213
693
495

4,234
1,651

579
643

3,229
3,560*

1,045 Kg
777
597
291
809
41

251*
302
365

190
183
578
304

3,090
461
214

9
0

Testbed Manufacturer's Empty Weight

Testbed Operator Items (Table 8)

Testbed Operational Empty Weight

*
Changed or added weight

25,202 Kg

505 *

25,707 Kg
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The operator items . weight for the two engine prop-fan configuration Is similar

to the one engine prop-fan weight, except additional engine oil and trapped

fuel weight is added to account for the second prop-fan installation as shown

in Table 8

TABLE 8

TESTBED OPERATIONAL ITEMS WEIGHT

TWO ALLISON T701 PROPFAN

English Units Metric Units

113 K

21

20

5

22

Unusable Fuel

Unusable 011 (Base Engine, APU < & CSD)

Toilet Chemicals and Water

Crew Compartment Manuals

Emergency Escape Chute

249 lb

46

45

10

48

154

7

40

39

Flight Crew - 2 @ 170 lb (77.5 Kg) each

Briefcases

Oil (Basic Engine and APU)

Potable Water

011 and Unusable Fuel - Turboshaft Engine

Total Testbed Operational Items Weight

340

15

89

85

186

1,113 lb 505 Kg

89
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One T56 Prop-fan Configuration

A group weight summary of the one engine T6 prop-fan DC-9-10 configuration

(Figure 12) is shown in Table 9.

The airplane configuration and group weights are identical to the one engine

T701 prop-fan airplane, except for the prop-fan propulsion system, lateral

ballast, and operator items weights.

The prop-fan propulsion system weight includes a T56 turbashnft engine, a 10

blade Hamilton Standard prop-fan and prop-fan controls, a modified T56 gearbox,
engine related systems, nacelle and mounting structure, and nacelle to wing
attach structure. The T56 angina and gearbox weights are quoted from the

Allison T56-A-15 engine installation drawing No. 6829700. The gearbox
modification includes a change in gear ratio to provide the proper engine and

prop-fan RPM combination. The gearbox weight includes the gearbox, struts,
shaft, and ati and also accounts for the weight penalty for the gearbox

modlUcation which is assessed as being negligible. The prop-fan represents a
10 blade, 8.1 foot (2.I7 m) diameter, 800 feat per second (244 ui/see) tip speed

Hamilton Standard prop-fan. The prop-fan weight is bused oil
Standard's weight information which accounts for non-production processing

methods and the use of current technology.

The prop-fan engine related systems weight is identical to a single P-3A cngine
systems weight, except the P-3A water injection system weight is removed. The

engine systems weight also includes the fire warning and extinguishing system
weight.

The nacelle structure weight is based on a preliminary design layout shown in
Figure 44. The design, construction, and weight estimating methods of the
upper nacelle structure, lower access doors, engine air inlet, engine exhaust
tailpipe and aft fairing, ftresheilds, and attach structure and attachments are

similar to the one engine T701 prop-fan installation.
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TABLE 9A

DC-9-10 PROPFAN TESTB1D CROUP WEIGHT SUIIMARY

ONE WING MOUNTED ALLISON T56 PROPVAN

English Units

Maximum Ramp Gross Weight
	

87,100 lb
Maximum Takeoff Gross Weight
	

86,300
Maximum Landing Cross Weight
	

81,700
Maximum Zero Fuel Cross Weight
	

71,800

Wing
Horizontal TaiJ.
Vertical Tail
Fuselage
Landing Gear
Flight Controls
Nacelle and Pylon - Basic Airplane
Engine and Systems Basic Airplane
PropEan Propulsion System

Turboshaft Engine
Propeller and Controls
Gearbox and Struts
Engine Systems
Nacelle, Exhaust, and Mount Structure
Nacelle to Wing Attach

Fuel Systems
instruments and Warning
Auxiliary Power Units
Hydraulic System
Pneumatic System
Electrica2. System
Avionics
Furnishings
Air Conditioning
Ice Protection
Handling Gear
Ballast Lateral

9,270
1,527
1,092
9,336
3,640
1,276
1,418
7,119
3,504*

1,209 lb
619
614
257
762
43

534*

665
805
418
283*

1,275
671

6,826
1,016

472
19

1,825*

Testbed Manufacturer's Empty Weight
	

52,991 ib

Testbed Operator Items (Table 10)
	

1,024*

Testbed Operational Empty Weight
	

54,015 lb

*changed or added weight
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TABLE 913

DC-9-10 1R0PFAN TESTI3ED GROUP WEIGHT StJMAR?

ONE WING MOUNTED ALLISON P56 PROPFAN

Metric Units

Maxlnuiii Ramp Gross Weight
	

39,501 Kg
Maximum Takeoff Gross Weight
	

39,138
adnum Landing Gross  Wilg t
	

37,052
Maximum Zero Fue]. Gross Weight
	

32,562

Wing
Horizontal Tall
Vertical Tail
Fuselage
Landing Gear
Flight Controls
Nacelle and Pylon - Basic Airplane
Engine and Systems - Basic Airplane
Propfan Propulsion System

Turboshaft Engine
Propeller and Controls
Gearbox and Struts
Engine Systems
Nacelle, Exhaust, and Mount Structure
Nacelle to Wing Attach

Fuel Systems
Instruments and Warning
Auxiliary Power Units
Hydraulic System
Pneumatic System
Electrical System
Avionics
Furnishings
Alt Conditioning
Ice Protection
Handling Gear
Ballast Lateral

4,204
693
495

4,234
1,651

579
643

,,	 v.
1

1,589*
548 Kg
281
278
117
346

20
242*
302
365
190
128*
578
304

3,096
461
214

9
828*

Tis ibt.d Manufacturer's Empty Weight
	 24,032 Kg

Testht.d Operator items (Table 10)
	

464*

Testbed Operational Empty Weight	 24,496 Kg

*chaltged or added weight
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The lateral imbalance on this aircraft is similar to the one engine T701

prop-fan configuration. The lighter T56 prop-fan propulsion system weight
requires approximately 10 percent less ballast weight than the T701

configuration to correct the lateral imbalance condition.

The operator items weight, Table 10, is similar to the one engine T701
configuration, except the T56 engine oil weight is slightly heavier.

TABLE 10

TESTBED OPERATIONAL ITEMS WEIGHT

0 ALLISON T56 PROPFAN

English Units Metric Units

Unusable Fuel

Unusable Oil (Base Engine, APU < & CSD)
Toilet Chemicals and Water
Crew Compartment Manuals

Emergency Escape Chute

249 lb

46

45

10

48

113 Kg

2

20

5

22

Flight Crew	 2 @ 170 lb (77.5 Kg) each

Briefcases

Oi]. (Basic Engine and APU)
Potable Water

Oil and Unusable Fuel - Turbcshat Engine

Total Testbed Operational Items Weight

	340
	

154

	

15
	

7

	

89
	

40

	

85
	

39

97
	

44

1,024 lb
	

465 Kg
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Weight Comparison Summary
ORIGINAL PAGE 19
OF POOR QUALITY

Side-by-side comparisons of the group weight summaries for the one and two
prop-fan installations using the T701 and the T56 turboshaft engines are
presented in Figure 62. As noted throughout the foregoing discussion, the T701
engine and a 9,5 foot (2.90 m) prop-fan are compatible. The T56 engine is
capable of swinging an 8.1 foot (2.47 m) prop-fan.

ENGLISH UNITS
ONEPROP . FAN WIQ MOUNT TWO pppp.FAN WING MOUNT

MAXIMUM RAMP G ROSS WOIOIIT 	 97.10015
	 TI01	 100	 1701

MAX IMUM 1511057 OIIOOSWEIOHT 	 10,300
MAXIMUM IANOINOHIOIIWEIOI4T 91,700
MAXIMUM ZUIO PUSI. 00005 I1I0I4T71,920
IN1E1I0h ARIIANO(MLNT 17160 • 72 MIXEDCLASS PAOUNQEII!
(5401141 fl'I'0 UAOICAUICOAPI	 21104
F54 (10/054015401 	 12,250
541540	 9.290
HOIIIZONTAL 1511	 1,927
VII1TICAL 1511 	 1.797
FUSELA	 9,326
LANDING GEAR	 3,540
FUGHTCOS4TROL$1,216
NACELLE AND P41054 - 65610 AIRCRAFT 	 6.400
11401541 AND SYSTEMS - BASIC AIRCRAFT	 1,119
PROP-FAN POOPULSION*Y117V4 	 935	 3,1104

	
7.850
	

7,908
ENGINE1.142	 1.209	 2,304	 7,410
7110711151	 9471169	 1,764

	
4,136

0051011054	 654	 664	 1,366
	

6.729
(5401541 SYSTEMS	 221	 757	 1142

	
*14

NACELLE 155401154110, (,ysIO 500 DOORS, TAILPIPE, 	 937	 1106	 6,974
	

0,610
AFT 7*110154)1. FIFIO$I5I(1.0 5540 MOUPITSI

FUEL5'YSTEM544
INSTRUMENTS AND WARNING 	 6515
AUXILIARY 7054015 UNIT 	 1100
HVDflAULFC SYSTIN	 4111
PSQEU41ATICSY3TEM	 *04
Ct,ECTOICALSY5TSM	 1,775
AVIONICS	 4171
FUI1P4ISIIINCI5 	 6,926
Auil CONDITIONING 	 1,0111
ICE 70011071054 	 472
IIPI13LINGGEAR	 19
4)7.11557 - LAIESIA%. 	 2,020	 0	 0
MAIQUFACTUIIEFVS EMPTY W(IGIIT 	 'fl,9IT	 574g1
OPERATOR ITEMS	 1,070	 1.024

	
6,113

OPLI1AII DNA L EMPTY WEIGIIT 	 154,531 	 1JW
EIEISIVOO 51054 *05 DC-044 (075 30061 -. AVEIISIOL ACTUAL MEW 07 SIX	 *1 IICIOAPT AT 11060 070110 INAI. DELIVERY 	 104101, 91414*

METRIC UNITS
9EPR0?FAN WING MOUNt Th0 PR0P . FAN WING-MOUNT

MAXIMUM RAMP 011055 W(IOHT 	 29,501	 1701	 155	 1701	 100
MAXIMUM TAKEOPF 01005254010567	 39,730

'MUM 1.55401540 05400EIcsHT 	 37,052
'1.1542000 FUEI. 0(605054110141 	 32,503
0l4A14105540154054T 13160 • 73 MIXED CLASS P5$UN0tflS

•	 .6 TYPO — IIAOIOAIIOCIIAFT	 2190*
• , 41IJJ(N0041I	 17,240
40(1540	 4.213
HORIZONTAL TAIL	 1193
VE10TICAI. TAIL 	 406
FUSELAGE	 4.234
LANDING GEAR	 1,651
FLIGFIT CONTROLS	 515
?*ACELIO 4540 PYLON -BASIC AIRCRAPO'643
ENGINE AND SYSTEMS - 040)0 AIRCRAFT 	 3.721
P1107 7*54 PROPULSION 50(51454 	 1,790	 6.589

	 3.860	 3,179
C5401546	 522	 64*	 1.044	 1.09?
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FIGURE 62. Dc.9-10 PROP-FAN TEST-BED GROUP WEIGHT SUMMARY
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TASK VI

TESTED TEST PROGRAM PLAN

As described In the Introduction, the emphasis of the contract work relative to

the prop-fan propulsion system(s) changed as the study progressed.

Consequently, both the one prop-fan nacelle and the two prop-fan nacelle

configurations are considered throughout the study. initially, the one

prop-fan nacelle configuration was submitted in deference to a lower cost

program However, the two prop-fan nacelle arrangement permits the acquisition

of additional acoustic data and thus a more complete evaluation of the prop-fan

testbed. The flight test evaluation and data to be cbtained differ somewhat

between the two configurations. Since the two prop-fan nacelle configuration

is the one of most interest to NASA, the testbcd program discussed in this Task

VI considers the two nacelle prop-fan testbed firsts with the differences for

the one nacelle prop-fan arrangement described secondly. The two prop-fan

testbcd does permit te

o	 acquisition of realistic internal aircraft acoustic and vibration

data,

well as vibration data;

o	 evaluation of effectiveness of opposite prop-fan rotation on

the aerodynamic interferences, performance, and acowtics, and

o	 evaluation of synchrophasing in the testbed program.

The initial goals of this prop-fan testbed flight test program to be performed

by Douglas Aircraft Company are to open the flight envelope and to prove the

airworthiness of the testbed vehicle. It is this portion of the flight test

program that is described herein. Continuation of the prop-fan flight test

program, utilizing the fully instrumented DC-9-10 flight testbed, entails the

prop-fan structural integrity, overall performance, and acoustic testing.

Whether these latter phases of the flight test program will be perfomed by

Douglas or by NASA Dryden will be resolved as the total testbed program

evolves. Douglas has the facilities and capability of doing the complete

flight test program; however, the relative cost-effectivness of completing the

flight testing at Douglas or at Dryden needs to be taken into account. It is

to be noted that the data acquisition and recording system to be used by

Douglas Is compatible with that a t Dryden Data Center, Edwards AFB.
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DATA MONITORING, PROCESSING FACILITIES AND SYSTEMS

Facilities

Douglas Aircraft Company maintains flight test facilities at the Long Beach

Municipal Airport, Long Baach California, and at Yuma International Airport,

Yuma, Arizona. The initial ground testing of the complete aircraft and systems
prior to first flight will be accomplished at Long Beach. The first flight of
the aircraft with the prop-fan cngine installed will terminate at Yuma. The

aircraft will be based at the Yuma test site for all of the prop-fan tests up

through completion of structural airworthiness, then NASA may continue testing

at Dryden Flight Research Center.

Appendix 111 includes brief excerpts from the Douglas Engineering Research

Technical Facility Description Handbook which describes pertinent component
facilities associated with the Advanced Prop-fan Test Program

Performance Data Systems

The Douglas Teledyne Remote Multiplexer Data Units (RHDU) Data System will be

used for the flight test program. The system consists of an airborne data

system telemetry microwave link and a ground data center. This affords

excellent real time coverage for almost all test areas in Southern California,

Nevada, Arizona, and Northern Baja. The data system is designed to provide
real-time monitoring in engineering units in the air, reduction of a largo

number of parameters simultaneously on the ground, and reduction of the

remaining data within hours of each flight. This system is compatible wiLh the

Dryden Data Center at Edwards AFB

The airborne tape recorder Interrango Instrumentation Group-13 (IRIC-B) records

time and the serial Pulse Code Modulaclon (PCM) data simultaneously with signal

transmission to thc Ground Data Center at Long Beach. Data is recorded at five

selectable sample rates from 12,500 bits per second to 500,000 bits per second
with a packing density of 8,333 bits per inch. The recorder has direct and FM

capabii.LLy with capacity of 14 tracks on 1 inch tape with 12-1/2 inch real.
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Tape speed is changed at the time the bit rate is selected so that the packing

density is maintained constant. Thc aircraft is equipped with  telemetry
transmitter For transmitting all PCM data to the ground station for real-time
processing.

The 
Flight 

Control and Ground Data Center at Long Beach serves as both a data

reduction center and flight control monitor station. It provides the equipment

and environment to allow flight data processing and monitorin', both in
graphical and tabular forms. The data is available in real-time through

telemetry or from flight recorded tape in engineering units on Cathode Ray Tube
(CRT) displays, hard copy, microfilm, line printer or magnetic tape (which can

be formatted to be suitable for other equipment). Strip charts are available

for selected monitoring and provide redundancy independent of the computer.

The ground data system includes five independent CRT's, a large random access

disc file used for temporary raw data storage, and two computer modules. which

permit post-flight analysis on twP separate flights (or a combination of
post-flight analysi 5 in conjunction with real-time flight monitoring).
Cnlibrntions for all chuinela for 'ery flight of the test aircrurt are stored

on the Rapte Access Disc (RAD). The Data Center also includes a complete

communications system, operating through the microwave relay station, that

permits direct aircraft communications for the Test Director and/or the

individual CRT users.

Experience has shown that high priority data can be processed in 24 hours with

routine data following within a few days. When telemetry data coverage is
provided, the most significant data are returned to the tent site within hours.

Duplicate engineering unit computer tapes can be provided within one to three

days following a flight.

Transrnittnl of flight tapes from Yuma to Long Beach is accomplished by courier
or shuttle aircraft and processed data returned via same or telephone facimile
equipment. Data may also be transmitted via the Yuma Microwave System to the
Long Bean flntn Center for immediate processing.
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Acoustics and Vibration Fnciilty ilnd Syscntt

Acoustics and vibration data processing will be conducted using the facilities

of t ht' Acous ti cs and Vibra t ion  )a ta Con ter at Long Bench • Thc Dntn Center i

equipped with it number of multiple-channel and single-channel tiignoUc tape

systems and a variety of 
data proc '.tng systems. Data systems include: (1)

Can,tr-coro1ied nudJo filter system with 1/3-octnve-bar%d ptrn11c1 outputs

onto digltnl tape for subsequent 1orge-sca)e computer processing; (2)

nn rrow-bnd spee truiu muniyems with variable averaging; (3) computer-controlled

ocing system for paired-signal analysis in both time and tLOqUQnCy domains

using FoudeL' Transform metnods with graphical and tabular output capabili t ies;

and ( 10 tnt IS t i cim]. processors with probnbility and correction output modes.

In ildcI1eon, mLl]. L1-'hLml'mei strip chart recorders and nccess#ry perierEm1

q ni pm(nt such as L Lmne coc1c , simuil conditioning mid audio output subsystems

010 iflCOq)OrflCed.

TWO NACELLE PROP-FAN CONFIGURATION

This pretiminavy flight test plan ossurncs it its n flying testbed

utilizing two Allison 1701-AD-700 engines with modified T6 gearboxes and

Hamilton Standard 9.5  foot (2.90 tit) diameter prop-fans ( Figure 13, Tnsk 111).

Time primary objectives of this flight test program are as follows:

o	 diitton of wino, 	 blade, gearbox, nncel].e engine mount

prop-fan hub stress and 1omcis data;

o	 mea su rement of noise data Inside and outside the fu se luge;

o	 measurement of airframe and engine environmental vibration;

o	 obtain engine nionut and fusolagv teoustic st rc'ss datz.m

o	 investigation of tit 	 naccile and swept wing oemodynamic

intcgmn c lan;

0	 dcerminntion of the net installed thust-minus-drng (cruise

performance) of the wing-mounted propulsion system;

0	 cng tne pt' V formtnce I1tQUSU reumet1

o	 mmmrenieni of ncoist le far-field engine noise (ground only).
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OPERATION OF THE PROPFAN PROPULSION SYSTEM
RESTRICTED TO THE FLIGHT ENVELOPE PRESENTED

50
(16)

(8)

40

30
1-

20

(4)
10

ORIGINAL PAGE IS
OF POOR QUALITY

The operation of the prop—fan propulsion system on the DC-9-10 iestbed aircraft

will be restricted to the flight envelope presented in Figure 63. The low

speed/low altitude limits may vary somewhat from that shown in Figure 15

depending an the results of stability and control subscale wind tunnel tests.

100	 150	 200	 250	 300	 350	 400

EQUIVALENT AIRSPEED - KNOTS

(200)	 (300)	 (400)	 (500)	 (600)	 (700)
EQUIVALENT AIRPSEED (km/HR)

FIGURE 63. DC-9-10 TESTBED AIRCRAFT OPERATING ENVELOPE

Tests will be conducted with both prop—fans rotating in the same direction and

with the direction of rotation reverszd on one engine so that both prop—fans

rotate up and inboard to the fwe1ag?. Synchrophase testing will also be

included in the testing.

Throughout the flight testing, the airspeeds will be such that a conservative

margin of safety will be provided; no testing such as minimum unstick speed

( V mu), ground minimum control speed (Vm c.g.), and air minimum contro]. speed

(Vmca). will be done.
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1 ESTING

Initft1 Ground Tests

Prior Lo any flight testing, the engine, the prop-fan, thc engine/prop-fan

gNubox and the complete engine prop-fan package in1uding the gearbox and

engine prop-fan controls will be checked out on ground test stands. These

ground tests are performed as component testing with the propulsion system

sejrnLe from the aircraft.

The Initial testing of the large scale prop'-fan and the T701-AD--700 engine with

modified T56 gearbox will be performed independently but probably concurrently

by the respective manufacturers. Hamilton StRndard and Allison will establish

the manufacturers' performance data. During this testing, ..niibraLion of

f].lghtworthy blade pitch position instrumentation will be obtained. Strain

gages will be installed on the prop-fan and a slip ring system will be used to

collect blade strain gage data.

Prop-fnn structural integrity will be investigated during static rotor tests,

static propulsion system tests, and wind tunnel tests of the propulsion system.

Compatibility of the T701 enginci and modified T56 go4lrbox will be verified

during component and drive system tests. In the same manner as the components

of the propulsion system arc built p and tested, t' compatibility of tho

overall propulsion system will be demonstrated. The individual systems

reliabilityty wil3. be established. Flightworthy instrumentation required during

this ground testing phase is listed below:

o	 strain gages on prop-fan blades;

o	 prop-fan shaft torque and thrust

o	 negative torque sensor light and test switch
o	 auto prop-fan feather arming light

o	 prop-fan feather light
o	 temperatures for engine and gearbox oil inlet and discharge;

o	 pressure for engine and gearbox oil;

o	 exhaust gas temperature and pressure;

o	 high and low spool RPM;

o	 fuel flow rate

o	 engine vibration accelerometers

o	 pitch control hydraulic oil temperature and pressure

o	 gearbox and pitch lube chip detector.
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The first integration of the large scale components into a complete system with

all instrumentation installed will be performed on an engine test stand at

Hamilton Standard, Allison, or the Douglas QIAETsIte facility It Qulrtz5ite,

Arizona. Photographs of these three facilities are shown in Figures 64, 65 and

66. Selection of the specific facility or facilities for this integration test

work will be made during the final formulation and scheduling of the requircc

ground tests.

Testing will be performed to determine the compatibility of the prop-fan

systems throughout the entire prop-fan power spectrum. Evaluation and

qualifiction of subsystems such as the modified engine control system, gearbox,

prop-fnn control system and prop-fan will be made. The engine and gearbox oil

systems, the prop-fan pitch control system, the engine mount and related

structural hardware will be included. All engine safety systems will be

checked.

Dynamic prop-fan blade loads will be measured for evaluating the fatigue life

of the blades and to ensure that the blade design meets the structural

requirements for extensive testing. Dynamic pressure and strain gage data will

be acquired on magnetic tape for stabilized operation at several representative

combinations of blade pitch angle and prop-fan specd to define the basic

ustnined loads. In addition prop-fan speed scans at various blade pitch

angles will be conducted from idle to maximum power (including overspeed) to

reveal any transient load problems.

Combined prop-fan and exhaust nozzle thrust will be determined for the two

prime and one spare prop-fan engines at various combinations of prop-fan pitch

speeds. The T701 exhaust nozzle thrust will be analytically determined using

inputs front internal nozzle instrumentation.

A pressure rake will be installed immediately behind the loft prop-fan rotor to

determine performance levels at various blade pitch angles and RPM settings.
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FIGURE bb Dt1HOT DI ML ALLISON ENGINE TEST FACILITY INDIANAPOLIS,INDtANA
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The peak prop-fan loading and overspeed performance will be monitored and the

data will be compared to that obtained In the initial grotind tests.

Prior to the prop-fan/onglnc being installed on the aircraft, minimum duty

cycle will be performed to establish reliability of the overall system.

Engine vibration will be monitored and compared to thc engine manufactuer's

limits. Vibration measurements will be made on t gearbox and at the

mnufcturcr's standard Enginc Vibration Monitoring locations at stable power

settings during such tests as thrust deternination and duty cycle evaluation.

A more detailed discussion of the acoustic measurements arid data desired is

presented in the Acoustics section of Task IV. Brief description 15 included

here of the acoustic data to be obtained during the ground testing phase of the

flight program. To define the directivity and amplitudes of acoustic pressures
imposed on the fuselage, vertical and horizontal arrays of microphones in the

acoustic near field (within 10 feet [3.05 m] of the prop p1r.) will be used to

make measurements that are free of the effects of the airplane. This will

allow the subsequent measurements in the presence of the airplane and the

ground surface to be adjusted to other airplane geometries. The engine
conditions to be tested will be the same as those for prop-fan load testing as
described above. Measurements will be made over a range of approach and
takeoff power setting (about 12 stable engine conditions). It is hypothesized

that both the near-field acoustic pressureo and the far-field noise will be

adversely affected by reingestion of eddies produced by the prop-fan. More
detailed discussion of the acoustic test program is included in Task IV
Acoustics.
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Airplane-Modification

The DC-'9 Series 10 airplane, with the instrumented JT8D-7 engines used for the

baseline tests, will be modified to allow the installation of the two

calibrated T701—AD-700 engines on the wing, the prop—fan controls, and

associated data acquisition instrumentation. Flight safety features such as

an escape chute will also be installed as part of this aircraft modificntion

phase. Both cabin sidewalis will be strengthened in the prop—fan plane to

ensure structural integrity for the test program. As the testing proceeds,

this baseline acoustic treatment will then be replaced with at least one other

treatment material in an effort to determine an "optimum" acoustic

configuration.

Complete Aircraft Ground Tests

Prior to first flight, ground testing will be accomplished to verify that

structural design requirements have been satisfied. Checkout of pro—fan/
engine and prop — f an/ control systems will be accomplished plus determination of

static acoustic and structural loads. The following additional tests will be
performed:

o	 wing and engine mount structural integrity proof test;

structural integrity;

o	 complete ground vibration testing to establish the aircraft

modal characteristics;

o	 engine runs to ensure that all prop—fan controls and instrumentation

is properly integrated with on—board aircraft controls. (The

critical prop—fan dynamic and static load strain gages will be

monitored during this test phase to define safety limits.)
o	 Prop—fnn wake measurements to assess the possible effects on wing

surfaces and JT8D engine inlet

Discussion of acoustic results from the aircraft ground testing is included in
Task TV.
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Low and high speed taxi runs will be performed initially, without the prop-fan

engines operating, to assess the aircraft's handling characteristics and to

ensure that all instrumentation is functioning norrectly. Engine mount and

wing oscillatory loads are to be monitored.

High-speed taxi runs will then be conducted to determine the effects of

prop-fan-induced eddies on aircraft acoustic characteristics. Puss-by noise

will be recorded with ground level microphones located in arrays both

perpendicular and parallel to the runway. This will enhance the development of

testing and/or analysis techniques to estimate flyover noise based on static

noise. Due to prop-fan engine power limitations, only one or two pitch angles

will likely be tested during the high-speed taxi tests.

Flight Tests

The flight testing program is divided into three phases:

Phase 1 DC-9-10 baseline testing including JT8D-7 engine calibration and

wing pressure surveys; aircraft will be operated out of the Long

Beach facility.

Phase 2 DC-9-10 prop-fan testbed aircraft demonstration and minimum

tests required to prove airworthiness, structural integrity,

performance and acoustic characteristics of the prop-Can

propulsion system. Tests to be performed during this Phase 2

are discussed in subsequent paragraphs. Unless otherwise

stated, the testbed aircraft will be based at Yuma, Arizona.

Phase 3 Accomplish any additional NASA required testing such as

evaluation of an alternate fuselage structure; this is undefined

at this stage and wili not be discussed further.
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Stability and Control

The aircraft will be instrumented to provide control surface positions and

forces, aircraft attitude, center of gravity, and normal, lateral and

longitudinal accelerations. These tests will be performed with both prop-fan
engines ftrthest forward on each wing (Figure 67) as this represents the worst
case condition. These tests are to be performed to establish satsifactory

handling characteristics; and the tests must be performed before the objectives
can be safely investigated.

\ '--KL---
1__ ADJUSTMENT0^ FOR NACELLE

TILT 0103 DEG 10032 radflz) 4 cm) LONG 000R	 INQSF
SEGMENTS
(TYPICAL 3 PLACES
.- -

110C9 9I21 M

FIGURE 67, EFFECT OF PROP-FAN LOCATION RELATIVE TO WING

Directional Stability and Rudder Effectiveness - Directional stability will

be assessed for takeoff and landing cc.iigurations with both JT8D engines

opeciing and then with one engine at idle and the prop-fan feathered. Further
assessment will be made in the cruise configuration at various power settings

with both prop-fans rotating in the same direction and with both rotating up

and inboard to the fuselage.
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Lateral Control and Aileron Effectiveness - Lateral control during rolling

maneuvers will be assessed in takeoff and landing configurations with both JT8D

engines operating and then with one engine at idle and the prop-fnn feathered.

Further assessment will be made in the cruise configuration at various power

settings with both prop-faris rotating in the same direction and with both

rotating up and inboard to the fuselage.

Static Longitudinal Stability - Static longitudinal stability will be

assessed In takeoff, landing and cruise configurations with the prop-fans

feathered. A limited assessment will be made for the cruise operation with

both prop-fans operating.

Dynamic Longitudinal Stability - Dynamic longitudinal stability will be

asassed in takeoff, landing and cruise configurations with the prop-fans

feathered. A limited assessment will be made in the cruise configuration with

the prop-fans operating.

Dynamic Lateral-Directione]. Stability (Dutch Roll Mode) - Dynamic

lateral-directional stability will be evaluated in both cruise and landing

configurations with the prop-fans feathered, and In the cruise configuration

only with the prop-fans operating at various power settings. Checks will be

made with both prop-far, rotating in the same direction and with both rotating

up and inboard to the fuselage. Dutch roll oscillations will be produced using

pilot inputs, and the damping will be recorded after the controls have been

released.

Approach to Stall - The aircraft handling qualities down to a speed of 1.3

VS will be assessed with the prop-fan engine off and with prop-fan feathereci in

the landing, takeoff, and cruise configurations.

Structural and Aerodynamic Damping

Flutter characteristics will be investigated at 24,000 feat and 30,000 feet

(7,315 and 9,144 m) with the prop-fart engines operating, and at 24,000 feet

(7,315 m) with the prop-fan engines off and prop-fans feathered. The case of

fuel in one wing and the prop-fan engines in the forward position will be

tested. The whirl mod flutter characteristics will be assessed during this

testing.
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Excitation of t1w critical flutter mode will be provided by pilot inputs

aircraft control surfaces. Both control surface pulses and or1t1ttorn
be Input into 	 r rif t	 As Illustrated In Figure	 pp xId 1/ si

0fl (located on the wing, prptrn engine, vertical and hurls

stnbilIzer and fuselage)) wmhe of strain gages (located on the hub a

strueture 4041 wing) and ten surface po 1 t 1 nos wt .11 be used to monitor

1

All flutter  111 h s will be monitored on the ground via real time telemetry and

will be obsorM from a safety chase airplane.
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Loads Monitoring

Dtring the envc.'lope expansion, the prop-fin assessment, nnd the tnIeoff and
landing tests, critical load parameters will be monitored to assess the static

and oscillatory load environment. Components iic1uded in tile monitoring iro

horizontal and vertical stabilizer, wing and pylon, engine mounts, prop-fan

bides, and the prop-fan ngino.

The effect of variation in prop-fan engine tilt and location relative to thc
wine on the blade stress will be assessed. The prop-fan engine tilt
cnii be varied from 0 degrees to i degrees (0 to .052 radians), and three engine
locnttons Aft relative to the wing are possible. The, method of achieving this
variation 16 presented in Figure 59 and a description is given in Task V.

Loads measurements will be inrde at several engine power settings and prop-fan

blade pitch angles. Maneuvers to 80 percent aircrnf .	 tgl capability

wiU be performed at a TI3D engine configuration with and , the prop-fan

engines operating. A high speed motion camera will be positioned to film the
prop-fan. Loads will be recorded during all phases of testing. Specific tests

will be performed at the speeds and altitudes indicated in FiFure 69.
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FIGURE 69. PROPOSED LOADS TEST POINTS
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'r1roi1ioui theprop-fan ongta y. touting, critical parameters will be monitored.

Ananti-ielng sy8ttln for the inlet or prop-fun is not provided, and so the

prop-Can will not be optrntcd in iving conditions. All skoty cLLtielL1 t1i8ltH

Will be monitored an telemetry and observed from u chase aircraft. The ini ini

i r n r t of ie and t htn both prop-fan engines will also be observed from a chase

aPernft. The gastU3 eiertoi' will be initially started at LOW HflCh number and

1 tittuIt-i with ftheLed I)OptUflt3 &UL(I itU1'%iiiifl8 eitQ1. Thc' prop-fnn will

then be itceeieried Lrom Gather to tc8t RPM with pitch schedulefat zero

thrust. Prop-fan pitch angle will then be icrucd . The iitiii eine

aperating envelope expansion w,tll be performed with the engine kit one location

relative to the Mg and oti pitch attitude.

Variations or eiIne location and pitch attitude are d113c 8130d in a subsoquvilt

pa rag rn ph undo r Loads Monitoring.

Ai r tn rL Envolope- An acceptable ti! rntnrt t'veiope rot Lht pronan

operation, Withinapproximito 15,000 Foot to 30,000 ieet (4,572 to 9,1 11 11 m)

will be dofiid . As mentioned previously, this lower limit for the nfe

operation of the prop-Can system L8 (tp(ndont on results of 13ubsclle wind

tunnel, stability and eontrot, tests.

______1 ct	 - Te tn will be performed throughout the iirt' raft

operntinç eflVeiOI)e, Dtmonstration that theprop-fa" feathers correctly will be

ine iutkd. The check out of the engine and	 rcx oil systems, the prop-fall

pitch control system, the oulno mount and related6uructural loading Will be

included. The	 inc May systems and in trumeutnt Lan will also be chocked.

The effect of theprop-fan propulsion system on 00-9 auradynainies, structural

1rnu1in , and acoustics characteristies will be assessed. the operatt,on of the

DC-9-10 testbed on the two prop-Can engines only rO(jUIrOS that the aircraft

f t vs at 41 red ueed speed and weight.

158



Prop-fan Overspeed - Prop-Jan overspeed tests will be conducted at various

altitudes and airspeeds.

2-fun Performance __.7 A pressure rake located just behind the left prop-fan

engine rotor will provide a pressure survey to define the local flow field

ahead of the engine inlet and to determine prop-fan efficiency (see Figure 29).

Data will be taken at various blade pitch angles and RPM settings. Tests will

alsc be conducted to assess the impact 02 nacelle location, engine pitch

attitude (variations described in the toads Monitoring paragraph), and

prop-fans rotating conventionally or in opposite directions.

Acoustic and Vibration

The desired acoustic testing both ground and flight, for the testbed is

discussed in detail in Task IV. Reference to this discussion on the relative

v1ue 02 subscale tunnel testing ) ground testing, and large scale flight

testing, as well as required instrumentation and location 02 data recording

equipment s is apropos for this acoustic flight test prograin.
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Cruise Performance/Wing and Nacelle Pressure Surv

If the testbed flight testing is turned over to NASA Dryden upon the completion

of the Douglas flight testing, which encompasses the basic component testing

and proof of airworthiness, then NASA Dryden would perform the prop-fan

aircraft cruise performance, including the wing and nacelle pressure data,

installed prop-fan characteristics, and further acoustic data. If the prop-fan

testbed is not turned over to Dryden at this point, Douglas will continue with

the flight testing.

Cruise performance will be determined at two w/ 6 's (weight /atmospheric

pressure ratios) at the selected Mach/altitude operating points noted in Figure

70.

TWO WEIGHT/ATMOSPHERE PRESSURE RATIOS ONE ENGINE POSITION

(16)	 SEVERAL POWER SETTINGS	 PROP-FAN REMOVED—

iOO	 150	 200	 250	 300	 350	 400
EQUIVALENT AIRSPEED - KNOTS

1	 1
(200)	 (300)	 (400)	 (500)	 (600)	 (700)

	

EQUIVALENT AIRPSEED (km/HR)	 at 009127M

FIGURE 70. CRUISE PERFORMANCE /WING AND NACELLE PRESSURE SURVEY
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The flight tests will be performed with both prop-fans operating and with thc

prop-tans removed. From these tests, the net installed thrust-minus-drag of

the prop-fan propulsion system will be obtained using the calibrated JT8D

engines and the previously described DC-9 baseline flight test data.

Testing with both prop-fans operating include:

O	 varying power settings;

o	 optimum nacelie tilt and location relative to the wing

(as previously defined by flight test);

o	 prop-fans rotating conventionally (in the same direction)
and with oppo!.i rttion so both prop-fans rotate up and
inboard to th	 • ilage.

T701 nozzle thrust will be removed analytically using nozzle exhaust pressure

and temperature data. Prop-fan thrust and efficiency will be obtained using

calibrated thrust strain gage and shaft balance data.

To isolate the effects of power from the effects of the nacelle and to obtain

reference pressure data on the nacelle for buoyancy corrections, the prop-fans
will be removed and the same flight test poin t s flown. For this case the inlet

and nozzle will be faired ove% to remove momentum losses.

Wing and nacelle pressure data will be obtained during cruise performance
testing; these data will provide the diagnostic information o interpret the
force results. Necessary pressure survey instrumentation locations on the

aircraft are illustrated In Figure 29.

Preliminary 1	 Schedule

Figure 71 presents an estimated schedule of the flight test effort which

involves the opening of the DC-9-10 prop-fan flight envelope and airworthiness

testing. Further flight testing which may be done at either Uryden or at

Douglas is not included in this figure.
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MW INSTALL PROP-FAN

PROOF TEST
GROUND VIBRATION TEST
ENGINE RUNS
TAXI TRIALS

STABILITY AND CONTROLS
STRJCTURA1. AND AERODYNAMIC DAMPING
POWERPLANT
PROPELLER PERFORMANCE
LOADS SURVEY
CRUISE PERFORMANCE/ PRESSURE SURVEY
ACOUSTICS AND VICURRATION

WEEKS	 GLNIjA

FIGURE 71. PRELIMINARY FLIGHT TEST SCHEDULE

ONE NACELLE PROP-FAN CONFIGURATION

The foregoing discussion of the flight testing has assumed a two nacell

prop-fan configuration. As per the contract Statement of Work, the one

nacelle prop-fan configuration is also considered. The flight testing

procedures for the two configurations are the same with the exceptions

noted below which are not compatible with the one prop-fan configuration

•	 effects due to opposite prop-fan rotation;

•	 synchronization;

•	 proper evaluation of representative acoustic loads, interior

noise, and vibration.

The acoustic and vibration data obtained from the one nacelle prop-fan

configuration requires considerable adjustment to remove the asymmetric

effects so that these acoustic results may be properly projected to a

realistic prop-fan DC-9-10 configuration.
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TASK vii:

LARGE SCALE WIND TUNNEL PROGRAM PLAN

COMPATIBILITY OF LARGE SCALE FLIGHT HARDWARE AND WIND TUNNEL TEST MODEL

As part of the overall program development, the possibility of using the flight

hardware in a wind tunnel test to satisfy program objectives 1s investigated.

The prop-fan/engine/nacelle/wing integration system, described in Task V, to be

installed on the testbed aircraft does lend itself particularly well as a large

scale wind tunnel model. As can be seen in Figure 72, the nacelle parting line

from the flight testbed installation is behind the engine installation and

ahead of the wing front spar.

.ALLISON T701 ENGINE

DñDAM TPM.RI

HAMILTON STANDARD1- 9.5FT (2,9 m) DIAMETER

LLE PARTING
FROM

HT TESTBED
ALLATION

NO INTERFERENCE
WITH WING STRUCTURE

00 GtH 27414 A

FIGURE 72. COMPATIBILITY OF PROP-FAN/ENGINE/NACELLE FLIGHT TEST INSTALLATION WITH
WIND TUNNEL TEST MODEL

Such an arrangement permits the testbed installation of the prop-fan/engine/

nacelle/inlet to be utilized as the large scale wind tunnel test model. The

problems of availability of adequate sized wind tunnel facilities for the total

large scale tests or the strength requirements suitable for a wind tunnel model

are d.scussed in the subsequent paragraphs.
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These facilities and hardware ire different from the Aerodynamics development

plan described in Task IV where subscale models are used to establish flight

safety boundaries and efficient wing/nacelle external contours. Throughout

discussions in this Task Vil, the term "large scale" refers to the prop-fan

diameter of 8 foot (2.44 in) or greater. For the program considered here, it is

required that the same prop-fan and fuel burning engine hardware used in flight

be tested in the tunnel. Static, low speed, and high speed conditions are

considered. At high speed conditions, it is necessary to 	 au1ate flight

conditions at 0.8 and 30,000 feat (9,144 m). The objectives of the tests

are to evaluate the pro'' .an blade loads, thrust minus drag, surface pressures

and inlet characteristic,.

LARGE SCALE WIND TUNNEL CHARACTERISTICS

A survey is made of available wind tunnels; and those facilities that may be

useful to fulfill these requirements are:

Ames 40 x 80 (mw speed only)

AEDC 16 foot

Lewis Altitude Facility

ONERA Si 8 meter

A summary of the characteristics of these four wind tunnels is given in Figure

73. The wind tunnel capabilities and limitations are presented in Figure 74.
A proposed installation for each facility, together with a more detailed

description of the capabilities, limitations, and tunnel interference effects,

is presented in Appendix I. The tunnel interference effects are evaluated by

calculating the solid blockage and comparing it to accepted testing practice

and by calculating the incremental solid wall tunnel velocity errors produced

by the prop-fan. The latter rrrection is based on the work of Glauert

(Reference 5) using the ratio of the prop-fan to tunnel cruss-sectional area

and the ratio of the prop-fan thrust to tunnel dynamic pressure.
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FIGURE 73. SURVEY OF PROBABLE WIND TUNI . FACILITIES FOR PROP-FAN TESTBED TESTING
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AEDC 16-FOOT STRUT	 M0 0.2	 :3%	 8%	 MUST
SUPPORT	 M0 = 0.8	 BE
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T701 INSTALLATION

FIGURE 74. WIND TUNNEL CAPABILITIES AND LIMITATIONS SUMMARY
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Wind Tunnel Mode]. Strength Requirements

As a matter of safety precaution for protection of wind tunnel facilities,

equipment and associated personnel, strength requirements of the models to be

tested in wind tunnel facilities are imposed. Genera11y, all hardware tested

in wind tunnels must meet one of the following strength criteria:

o	 Analytically demonstrate that predicted loads of any structural

component do not exceed -

-	 one-fifth the ultimate tensile strength, or

-	 one-third the yield strength.

o	 Static proof test critical model components to three times the maximum

predicted load.

o Static proof test critical model components to two times the maximun

prec'icted load if the aerodynamic load is directly or continuously

mon. tored.

Plots of deflection as a function of load for a complete loading cycle sha1l

show no permanent set.

When considering the use of flight hardware as a wind tunnel test model, the

structural integrity of the test item must meet with the tunnel specifications

for strength requiremeitts. In general, these requirements are greater than

that necessary to satisfy the structural integrity of the flight hardware

component.

LOW SPEED WIND TUNNEL TESTBED INSTALLATION

The largest wind tunnel that will accommodate tests requiring fossil fuel

burning engines is the NASA Ames 40 x 80 foot tunnel. This tunnel operates at

sea level iotal pressure at speeds up to 0.45 Mach number. The tunnel size

will allow testing of a complete semi-span wing and fuselage if the airplane is

mounted horizontally on three tunnel ipport struts (Figure 73d). These struts
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will allow both pitch and sideslip angle riat1on. Lift coefficients up to

3.4 are within the capability of the tunnel 'ialance, and the balance drag link

is sufficiently strong to allow testing of the prop-fan engine at full power

when the thrust is approximately 7,500 pounds (3,104 kg).

If the airplane is split at the plane of symmetry and mounted on the balance

turntable in the tunnel floor with the wing vertical, th wing must be clipped

at 90 percentsemi-span, as referred to the DC-9 (Figure 73d). The balance

load capacity limits the lift coefficient to 0.55 for this mounting arrangement

and the model cannot be tested in sideslip. The tunnel interference effects

are assesscd by evaluating the tunnel solid blockage and the incremental

velocities produced by the prop-fan thrust. The solid blockage, in either

case, is about 5.5 percent which is high but acceptable for mw speed testing.

The tunnel velocity correction due to power is small, less than 1 percent.

HIGH SPEED WIND TUNNEL TESTBED INSTALLATION

The large wind tunnels which will accommodate fossil fuel burning engines and

provide test Mach numbers of 0.8 are the AEDC 16-foot Transonic Tunnel, the

ONERA Si (26-foot diameter) TunneJ in ?iodane, France, and the NASA Lewis

Altitude Tunnel with the proposed improvements. Of these, only the Lewis

A1Ltude Tunnel with the proposed improvements provides proper simulation o

both the temperature and pressure at 30,000 feet (9,144 in) altitude. However,

this facility will probably not be available for four or five years, too far

downstream to aid this phase of the prop-fan program. The AEDC 16-foot Tunnel

will allow simulation of the pressure at 30,000 feet (9,144 m); however, the

tunnel heat exchangers do not have the capacity to cool the tunnel air to 412

degrees Rankine, the standard temperature at 30,000 feet (9,144 m). The ONERA

Si Tunnel operates at an ambient total pressure, therefore, at a Mach nwner of

0.8 the teat section static pressure is approximately equal to the pressure at

11,000 feet (3,352 m).

Because of the limited size of the test sections of these facilities, only

partial span wings can be tested with the prop-fan engine and nacelle. Figures

73a, 73b and 73c depict the inta1iation considered for each facility. As

shown in Figure 73a, the stub wing is to be supported in the AEDC 16-foot
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tunnel with a trunion system. The airloads and engine thrust are measured with

the largest existing six component strain-gage balance available. However,
because of the large area of the wing, the balance normal force limitations of

16,000 pounds (7,256 kg) limits the lift coefficient to approximately 0.2 at a

Mach number of 0.8. In addition, the solid blockage of the installation

studied is 9.8 percent, well above the acceptale level of 0.5 percent. Similar

installations were studied for the ONERA Si tunnel, Figure 73c, and for the

NASA Lewis Altitude Tunnel, Figure 73b. The available ONERA balance limits the

lift coefficients to an unacceptably low value; the balance for the Lewis

Altitude Tunnel is undefined. The solid blockage in these facilities, 7.2 and

9.7 percent, respectively, will result in erroneous force data.

In addition, since the size of available tunnels limits testing to a partial

span wing, the wing tip is not present which means that the downwash, sidewash,

and spanwise lift distribution of the wi in the propeller/ nacelle region are

not properly simulated. The missing wingtip and the distortion of the loading

caused by the wind tunnel walls, will modify the vortex wake downstream of the

wing, thereby modifying the downwash in the wing plane which is the cause of

induc'd drag. Prop-fan power effects on the span loading are not properly

represented because of the interaction of the prop-fan wake and wing trailing

vortex wake are also not properly simulated. The local flow fields in the

regicn of the propeller nacelle is also incorrect. The factors discussed above

lead to the conclusion that the proper thrust and drag cannot be obtained in

the tunnel using flight size hardware.

Since the use of a partial span wing is not satisfactory, the most promising

tent installation appears to consist of the engine nacelle mounted on a blade

strut support with no wing (Figure 73a). This installation permits evaluation

of the engine thrust at static, takeoff, and cruise conditions. The angle of

the airflow in the plane 02 the prop-'fan can be approximated by adjusting the

angle of incidence of the engine and nacelle. Because of the pressure altitude

simulation capability and the availability, the AEDC 16-foot transonic tunnel

would be the preferred facility in whici to conduct the isolated strut mount

prop-fan engine test.
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Although the strut mounted engine test in the AEDC 16-foot tunnel will yield

the most meaningful data, the results will not satisfactorily fulfill all of

the test requirements. Since the engine is to be tested without the influence

of the wing, the upwash and sidewash caused by the wingflow field are not

present and the proper levels of engine thrust-minus- instal led- drag cannot be

measured.

A rough order of magnitude estimate indicates that the cost of preparing an

engine for test on a blade strut in the AEDC 16-fot tunnel, designing and

fabricating the support system and balance mounts, conducting the test, and

preparing pre-test and post-test reports are approximately $45K, in 1981

dollars, and requires approximately eight months to complete. The cost

estimate assumes that the tunnel is to be furnished at no expense to IJAC.

LARGE SCALE WIND TUNNEL 1UCONN0DATIONS

The results of the study of the feasibility of testing the prop-fan flight

hardware in a wind tunnel, summarized in Figure 74, clearly indicate that all

the desired test data cannot be obtained. Using the only reasonable

installation, the isolated-strut mounted nacelle in the AEDC 16-foot tunnel,

the approximate engine thrust can be obtained; however, because of the large

diameter of the prop-fan relative to the tunnel size, the data will be

questionable. Since there is no wing in the tunnel, the installed thrust minus

drag cannot be determined. The prop-fan loads may be approximated by setting

the engine angle of attack at values derived from a three dimensional analysis

of the wing flow field; however, the variation of flow V id angles across the

prop-fan disc cannot be simulated.

An overall e aluation of the wind tunnel as a means of obtaining proper large

scale prop-fan/engine/nacelle data results in the following conclusions:
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Flow Simulatiov.

•	 None of the tunnels will accommodate a comp1te span model

at M.	 0.8.

•	 Upwish and sidewash cannot be simulated.

•	 All tunnels have balance nornial force limitations with A partial

span wing it M0	0.8 and 30,000 feet (9,144 tn) simulation.

•	 Lewis Altitude Tunnel will not be available until at least 1985.

Thrust Minus Drag

o	 Cannot measure because of partial span wing.

o	 Proper airfoil section drag cannot be obtained due to

balance normal force limits.

For test conditions at M - 0.45, t prop-fan loads, thrust-drag, and isolated

prop-fan efficiency are obtainable from appropriate wind tunnel tests.

However, for the test conditions of Mcrujse of 0.80, these prop-fan loads and

thrust-drag data are not obtainable; even the rsu1ts for prop-fan efficiency

are questionable. Because of the i nadequacy of the wind tunnel test results,

it is recommended that the DC-9-10 prop-fan flying testbad be used to obtain

the aerodynamic data for the prop-fau configuration at large scale. Reliable

acoustic data must also be obtained from flying testbed results.
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ROM COSTS OF TWO-NACELLE PROP-FAN TESTBED PROGRAM

BACKGROUND

The estimated costs for the two-nacelle prop-fan cestbed are based on a

detailed evaluation of the WBS elements identified in Appendix 11. Wherever

possible, the buildup of rnanhouT estimates were made from very similar effort

accomplished in the recent past. There were several NASA sponsored progams

that involved flight tests on a DC-8 and a DC-9 aircraft that were specifically

related to the propulsion system on the aircraft. The DC-8 Quiet Engine

Program" consisted of modifications and special acoustic treatment designs on

all four nacelles. The DC-9 'Refn Program" conssted of design, wind tunnel

testing, fabrication of new nacelles, and pylon support structure for a rebuilt

JT8D-9 engine that was converted to a larger diameter JTD-209 engine. In

addition, e recently completed program for the Air Force called PABST (Primary

Adhesively Bonded Structure Test) involved the design and fabrication of tools

and components for a single major test assembly. A very recent program that

involved a considerable number of high and low speed and flutter wind turrnel

models, as well as the design and construction of one set of flight test parts,

was the DC-10 Winglet Flight Evaluation Program. All of the above programs

'n.ve very similar work efforts that are identified in this prop-fan program.

It is noteworthy to indicate that all of the above-mentioned Drograms were

accomplished on schedule and within budget.

MAJOR ELEMENT DESCRIPTION

Preliminary Design Through PDR

All iajor functions that are to participate an the program are to be assigned

and co-located in one area and to work together in establishing the dtsign of

the nacelle installation on the wing in a most cost effective tnanr

considering design, tooling, fabrication, assembly, and installation which will

result in a preliminary manufacturing plan. In parallel with this effort the

specific defini.ion of all the model programs is to be drafted into preliminary

planning documents. In conjunction with the engine/gearbox subcontractor and
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propeller supp1itr, a draft 11ni for large scale ground testing, taxi testing

and flight tasting is to be prepared. Al! the preliminary planning documents

are to be provided at the Preliminary Design Review (PDR). In addition at PDR

the layout drawings for the flight test nacelle, aircraft modification and test

installation will be provided for approval.

Development Testing

Immediately after the PDR approval, the detail definition of all model wind
tuimel testing is initiated. Both high and low speed wind tunnel models of the
test aircraft are considered to be tested in the NASA Arnes Research Center

11-foot and 12-foot wind tunnels provided at no Contractor expense. Model

modifications consider nacelles off and on, both powered and unpowared, with

the primary objective of stability and control required to define minimum

operational speeds considering one prop-fan system failure and one test

aircraft primary propulsion system failure. A basic low speed flutter model is
considered essential to the program for methods validation for both the
nacelles on and off. test aircraft full scale inlet is also considered as

part of this program. The acoustic development tests are in two parts. One

deals with the development of treatment that can be added to the current

structural arrangement of the test aircraft fuselage. The second part of the

acoustic development effort will be the definition and specimen tests of n

newly designed segment of ctructure optimized for minimum acoustic

transmission. The layout of this s .etion would be suitable for rework into the
test aircraft,

Detail Design

The selection of the flight test nacelle and installation configuration will
have been made as a result of PDR. Upon NASA concurrence, the detail design is

to be initiated for the nacelle and for aircraft modification. The structural

detail design will be established in conjunction with manufacturing tooling in

order to 'optimize" for a least cost prop-fan effort. The final d'sign for all
major comoonents will be completed at the Critical Design Review (CDR). At the
time of CDR the high speed wind tunnel model stability and control, inlet, and
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acoustic tests should be completed. The low speed tests can be completed after

CDR At CDR both engine and prop-fan subcontractors will participate to

identify their interface requirements, how they have been sntisflod in tha

progrrntt to date, as well as how the future schedule and interface requirements

are being satisfied. Tooling design and tool fabrication will be nearly

complete at CDR with some component fabrication of parts in progress. At CDR

the flight program instrumentation pion will have been comp1ete.y definitized.

Ground Tests

The ground test programs will consist of a test stand run of the complete

flight test propulsion assembly. included will be the teat engines, genrbox

and first set of flightwortFiy prop-fan blades. Runs to full allowable gearbox

horsepower will be made for systems cheek-out and operation. The complete
flight test propulsion unit will than be installed in the flight nacelle on the
aircraft. A ground vibration test on the nacelle and aircraft will previously
have been conducLad which included represenntativi mass and inertia of the

propulsion system. There may be some question regarding the propulsion system

representation during these ground vibration tests; if serious, the ground
vibration test would be accomplished with the full fllght hardware installed.

Engine runs will be accomplished on the aircraft in a tie-down condiutton. Ii
conjunction with the installation check-out, a series of acoustic tests on the
fuselage sidewall will be accomplished, After successful completion of all
static ground runs, the aircraft will undergo a series of taxi tests, up to 100
knots, to measure all structural, acoustic, engine performance, and operational
data. For the purpose of this program, the 40 x 80 wind tunnel testing and

a1ter.te fuselage sidewall are not included in the cos estimates and are

considered options to the basic flight program.

Flight Tests

Flight tests will be initiated after satisfactory completion of all ground

tests and analyses of all key data items. The aircraft flight handling

characteristics will be evaluated without power on the teat engines. Included

will be flutter checks for envelope expansion. The test engines will then b
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air stsirted and operated at incrocksing horsepower and speed as the aircraft

operational characteristics are determined to be satisfactory. Propeller

performance (aerodynamic, structural, and acoustic) as well as fuselage

acoustic data and nacelle/wing aerodynamic data will be obtained throughout the

prescribed test envelope.

Baseline F11ht Tests

The test aircraft, prior to anterirg modification for nacelle installation)

will be instrumented and a series of flights will be conducted to obtain basic

flight handling and performance data. These basic data will then be a

reference for all prop-fan data to be gathered.

Major Subcontracting

At initiation of the basic or prime contract, a definition of the engine/

gearbox subcontract will be made. For purposes of ROM estimates, information

has been provided by Detroit Diesel Allison (DDA), a Division of General.

Motors, for gearbox manufacture and shaft engine preparation in a configuration

suitable for flight test. During preliminary design, DDA will be given a

purchase order to present their role in the program at POR.. For purposes of

this contract effort the DDA estimate used in the summary cost figures include

engine runs of 50 hours on the dynamometer. The first buildup with a propeller
will be on the Douglas test stand. For the ROM estimates presented, the

prop-fan subcontrct with Hamilton Standard would c .Lunene upon receipt of the

flight hardware. All previous effort PDR and CDR would be covered under a
Prop-fan Development Contract with Hamilton Standard. A subcontract with
Harnilton Standard is considered in effect during all ground and flight tests

that included the prop-fan. For ROM estimating purposes, it is assumed that

the two companies identified above will be the only major subcontractors.
Consideration was given to soliciting estimates fun a nacelle design and/or
fabricator, but for purpose.; of the estimates shown in this report, the nacelle

design and manufacture is accomplished by the airframe company.
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Program Management

The estimates made in this element consider the direct charge Project

Management which includes a Task Manager from Engineering, Manufacturing and

Flight Test. These personnel are not necessarily full time for the duration of

the program. The Administrative business function for budget and schedule

planning and tracking Is also included in this element. Costs for all

estimated reports (monthly, quarterly, planning, test rcsu1ts, etc.) are
included In this section. Oral report preparation and travel are also

considered in this section of the estimates.

Costs

The estimated total program costs, Rough Order of Magnitude (ROM), for a

prop-fan program outlined in the previous paragraphs and outlined more

specifically in WBS format in Appendix 11 Is provided in Figure 75. These ROM

estimates are costs which include all normal burden charges except fee.

Program Schedule

The program schedule from which all the cost estimates were generated was

developed in mid-contract period. The two major subcontractors supplied their

schedule based on the definition of the prop-fan testbed program atat that time

(late 1980). The program overall schedule is shown in Figure 76, which

identifies first flight occurring at 44 months from program go-ahead. The

program schedule considers that the first flight prop-fan delivery occurs at 33

months from go-ahead. This schedule coincides with a schedule developed by

Hamilton Standard based on their ability to deliver the flight prop-fan in the

33 month time period (Figure 77). The engine gearbox delivery from DDA is

idenified as available in 15 months from go-ahead. DDA go-ahead could occur

as part of the CDR release schedule. The program does consider an earlier

start for DOA so thatengine/gearbox fit checks in the test stand and aircraft

can be made well ahead of receipt of the flight rated prop-t;n assembly. The

DDA schedule is provided in Figure 78. Also shown on the DDA schedule are
Option 1 and Opttor 2, which are not considered in this particular program

since the first full propulsion system run with the flight hardware is

identified as a Douglas test stand ground run element.
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ESTIMATED TOTAL PROGRAM COSTS

ROUGH ORDER MAGNITUDE (ROM)

DC-9-10 TESTJIED

(Two Allison T701 Engines)

WBS Element*
	

$K 1981

(Mid—Year)

1000	 Preliminary Design thru 1)R
	

1,200

2000	 Development Testing
	

4,560

3000	 Detailed Design thru CDR
	

2,800

4000	 Manufacturing
	

6,340

5000	 Ground Tests
	

5,635

6000	 Flight Tests
	

7,410

7000	 Baseline Flight Tests
	

2,225

8000	 Major Subcontracting
	 6,500**

9000	 Program Management
	

4,100

Test Aircraft Cost (DC-9-10)
	

2,500

TOTAL
	

43,000

*Appendix 11 for detailed definition of effort considered in each element.

**DDA engine and gearbox plus program support

Hamilton Standard program support.

FIGURE 75. ESTIMATED TOTAL COSTS FOR PROP-FAN TF.STBED PROGRAM
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WBS	 CALENDAR YE)
1000 PRELIMINARY DESIGN
2000 DEVELOPMENT TESTING

WIND TUNNELTE11NG

ACOUSTIC TESTS
3000 DETAIL DESIGN
4000 MANUFACTURING

TOOLING
FABRICATION
ASSEMBLY
INSTALLATION

TESTING
INSTRUMENTATION

5000	 GROUND VIBRATION TEST
PROPULSION GROUND TEST
PROPULSION SYSTEM INSTALLATION
ACOUSTIC TESTS
TAXI TESTS

6000	 FLIGHT ENVELOPE CHECKOUT
FLIGHT TESTS

7000	 BASELINE FLIGWTESTS

ORIGINAL PAGE IS
OF POOR QUALITY

1	 2	 3	 411111	 11111	 11111	 11111
-.

"=CDR
- HIGH SPEED

LOW SPEED
INLET

-	 ACOUSTICS

-	 -TOOLING
- FABRICATION

L.ASSEM LY
INSTALLATION

-

DELIVERY OF FLIGHT
PROPULSION SYSTEM • -

FIRST FLIGHT

_-

FIGURE 76. DOUGLAS AIRCRAFT PROP-FAN TESTBED PROGRAM SCHEDULE

CALENDAR YEAR	 1	 2 -	 3	 4
DESIGN AND DRAFT
	 •• ri 11	 1	 111 il	 11111

CONTROL (MODIFICATION)
BLADE, HUB, ACTUATOR
(UTILIZE EXi 1 AERO BLADE PD)

ALLISON GEARBOX PROGRAM	 -

HARDWARE FABRICATION
CONTROL
BLADE, HUB. ACTUATOR

TESTING
STRUCTURAL	 -
CONTROL DEVELOPMENT

WHIRL PROGRAM

PROP SYSTEM ASSEMBLY AND
ENG TESTS
DELIVERY OF FLIGHT
TEST ARTICLE

B0-OC99368O
FIGURE 77. HAMILTON STANDARD PROP-FAN TESTBED PROGRAM SCHEDULE 	 -
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ORIGINAL PAGE
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NH.9ST011(S	 YEARS
MFGA 1 2 3 4 9 6 1 1 19 10 11 113 13 14 16 19 11 16 19 20 21 22 23 24

DESION
ENGINE ADAPTIVE IIAROWAR9 • • • • 1 11 11 11 11 11 I 11 1SJ Ji .l
GEARBOX MODS • • • U 1 1 11 11 11 1 11 11 I 11 11
CDNVHQL MOOS allsolli 11111.1.1611 is oil 11
TESI EQUIPMENT
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APPENDIX 1

CAPABILITIES OF WIND TUNNELS SUITABLE FOR

PROP-FAN TESTBED LiRGE SCALE TESTING

Test Facility: NASA Ames 40 x 80 foot wind tunnel, Moffett Field, Calif.

llll TrulrF

FULL SPAN PLUS FUSELAGE

Capabilities;

o Speed range:	 Mach No. 0 - 045

o Pressure:	 Atmospheric total pressure

o Force measuring:	 External balance with

Normal force limit	 102,000 lb (46,258 kg)

Axial force limit	 18,000 lb (8,163 kg)

o Axial force limit-to-force required	 18,000/7,500 (8,163/3,401 kg)

o CL limit	 3.4

o Angle of atack range: Ample

o Allows testing of complete half-span configuration

o Utilizes existing tunnel supports

Limitations:

• Not available until July 1982

• Low speed only

Tunnel Interference:

o Solid blockage
	

5.5 percent

• Aprop/Atune1
	 = 2.8 percent

• AV/V)pwR
	

<1 percent
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ORIGINAL PAC'E'
OF POOR QUALITY

Test Facility: NASA Ames 40 x 80 foot wind tunnel, Moffett Field, Calif.

II@
90PERCENT SPAN
PLUS FUSELAGE

Capabilities:

o Speed range:	 Mach No. 0 - 0.45

• Pressure:	 Atmospheric total pressure

• Force measuring:	 External balance with

Normal force limit	 16,400 (7,437 kg)

Axial farce limit	 18,000 (8,163 kg)

• Axial force limit-to-force required 	 18,000/7,500 (8,163/3,401 kg)

• Angle of attack range: Ample

• Allows testing with 90 percent of the model span

and half the fuselage

• Utilizes existing tunnel supports

Limitations:

o Not available until July 1982

o Tip effeets not simulated

o Low speeds only

o CL limit	 0.55 (16,400 lb [7,437 kg] r.ornial force limit)

Tunnel Interference:

o Solid blockage
	

5.5 percent

o Aprop/Atunne
	 =	 .8 percent

o	 = <1 percent
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ORIGINAL PAQ 19
OF POOR QUALITY

Test Facility: AEDC 16 foot transonic wind tunnel, Tullahoma, Tennessee

PARTIAL SPAN

Capabilities:

o Speed range:	 Mach No. 0 - 1.6

o Pressure	 180 - 4,000 psfa (12.7-.. 281.2 kg/sq m)

o Force measuring:	 6 component strain gage balance with

Normal force limit = 16,000 lb (7,256 kg)

Axial force limit	 =	 8,000 lb (3,628 kg)

o Axial force limit-to-force required

8,000/7,500 (3,628/3,401 kg) at M = .2

8,000/2,250 (3,628/1,020 kg) at M = .8

o Angle of attack: Ample

o Can simulate 30,000 feet (9,144 m) pressure

at M = 0.8 but not temperature

o Perforated test section walls

Limitations:

• Partial wing span

• Support system must be adapted

Tunnel Interference:

• Solid blockage

• Aprop/Atunnel

o	 V/V)PWR

9.8 percent

=	 30 percent

8 percent at M

1 percent at M =

0.2

0.8
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OG1?'PL PIM.
OF POOR QUALITY

Test Facility; AEDC 16 foot transonic wind tunnel, Tullahoma, Tennessee

STRUT SUPPORT NO WING

Capabilities:

• Speed range:	 Mach No. 0 - 1.6

• Pressure:	 180	 4,000 psfa (1Z.7- 281.2 kg/sq tn)

• Force measuring:	 6 component strain gage balance with

Normal force limit	 16,000 lb (7,256 kg)

Axial force limit	 =	 8,000 lb (3628 kg)

• Axial force 1i-it—to--force required

= 8,000/7,500 (3,628/3,401 kg) at M 	 .2

= 8,000/2,250 (3,628/1,020 kg) 	 M	 .8

• Angle of attack: Undefined

• Can simulate 30,000 feat (9,144 m) pressure

at M = 0.8 but not temperature

• Perforated test section walls

Limitations:

o Wing not simulated

o Support system must be adapted

Tunnel Interf.rence:

• Solid blockage

• Aprop/Atunnel

o	 V/v)PWR

= 3.0 percent

=	 30 percent

=	 8 percent at M

=	 1 percent at M

0.2

0.8
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ORIGINAL
OF POOR QUALITY

Test Facility:

	

	 ONERA Si, subsonic-transonic wind tunnel, Modane, France

8 meter (26.2 ft.) diameter

PARTIAL SPAN

Capabilities:

o Speed range:	 Mach No. 0 - 1.03

o Pressure:	 Atmospheric total pressure

o Force measuring:	 External balance with

Normal force limit = 18,000 lb (8,163 kg)

Axial force limit	 22,500 lb (10,204 kg)

o Axial force limit-to-force required

	

22,500/7,500 (10,204/3,401 kg) at M 	 0.2

	

ta 22,500/4,400 (10,204/1,995 kg) at M 	 0.8

o Angle of attack range	 Ample

o Utilizes existing tunnel support s

o Full range of required Hach No. can be tested

with one installation

o Mima11y slotted test section walls

Limitations:

• Partial wing span

• Altitude simulation at M = 0.8 is 11,000 ft (3,352 n)

o c1 limit	 0.8 at t4 = 0.2

= 0.07 at M = 0.8

Tunnel Interference:

o Solid blockage
	

7.2 percent

o Aprop/Atunnel
	

14 percent

o	 AV/V)pwR	 = 	 4 percent at ' = 0.2
1 percent P, M	 0.8
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ORIGINAL PAGE IS
OF POOR QUALITY

Test Facllity:	 NASA Lewis altItude wind tunnel, Cleveland, Ohio

PARTIAL SPAN

Capabilities:

o Speed range:	 Mach No. 0 - 0.8

o Pressure:	 1.32 psia ( .93 kg/sq m2 )	 atmospheric

o Test sa'tion diameters:	 Low speed 45 ft (13.7 )

High speed 20 ft (6.10 m)

o Force measuring:	 Undefined

o Angle of attack range:	 Undefined

o Revisions to tunnel can be designed to the

tent and model requirements

o Proper temperature and pressure bililulation

for M - 0.8 at 30,000 ft (9,144 m) altitude

o Slotted test section walla

o Support system exists

Limitations:

o Tunnel not available earlier than 1985

o Partial wins span

iunne1Intcrference:

o Solid blockage 4.0 percent (45 ft (13.7 ml diameter)

-	 9.7 percent (20 ft 16.1 in] diameter)

-	 5 percent (45 ft [13.7 m] diameter)

25 percent (20 ft (6.1 ml diameter)

-	 1 percent (45 ft [13.7 tn] diem. at M 	 0.2)

1 percent (20 ft [6.1 tn] diem. at M 	 0.8)

o Aprop/Attrnnel

V/v)pwR
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APPENDIX 11

PROP-FAN FLIGHT RESEARCH PROGRAM

WORK BREAKDOWN STRUCTURE (WBs)

Although not a part of the contractual Statement of Work (NAS3-22347), a work

breakdown structure (WBS) through the second level, appropriate to the Prop-fan

Flight Research Program, is included here as Appendix 11. This WBS has

previously been submitted to NASA Lewis as ACEE Report 27-PL-1480A, dated May

1981. Further expansion of this WBS is considered apropos as a part of the

response to the upcoming REP on prop-fan testbed program.
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SUMMARY

MAJOR WI3S ELEMENTS

001 FLIGHT RESEARCH PROGRAM

1000 PRELIMINARY DESIGN

2000 DEVELOP MEN T TESTING

3000 DETAIL DESIGN

4000 MANUFACTURING

5000 GROUND TESTS

6000 FLIGHT TESTS

7000 BASELINE FLIGHT TEST

8000 MAJOR SUBCONTRACTING

9000 PROGRAM MANAGEMENT

188



4BS WORXSIIEET

1000 PRELIMINARY DESIGN

1100 AERO INSTALLATION DESIGN

1200 STRUCTURAL, LAYOUT

1300 INSTALLATION LAYOUT

1400 DEVELOPMENT TEST (PLAN)

1500 HANUFACTURING (PLAN)

1600 GROUND TEST (PLAN)

1700	 ?jTGUT TEST (PLAN)

1800 PRELIMINARY DESIGN REVIEW

1900 ALTERNATE PROGRAN
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WflS WORKSHEET

000 DEVELOPMENT TESTING

2100 HIGH SPEED WIND TUNNEL MODEL TEST

2200 LOW SPEED WIND TUNNEL MODEL TEST

2300 INLET WIND T1NEL MODEL TEST

2400 LOW SPEED FLUTTER MODEL TEST

2500 ACOUSTIC TREATMENT DEVELOPMENT TESTS

2600 ALTERNATE FUSELAGE STRUCTURE DEVELOPMENT TESTS

190



WflS WORKSHEET

3000 DETAIL DESIGN

3100 AERODYNAMIC CONFIGURATION

3200 STRUCTURE

3300 INSThLLATION

3400 AIRCRAFT MODIFICATION

3500 CRITICAL DESIGN RE-VIEW
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WBS WORKSHEET

4000 MANUFACTURING

4100 PLANNING

4200 TOOLING

4300 FABRICATION

4400 ASSEMBLY

4500 AIRCRAFT MODIFICATION

4600 INSTALLATION

4700 SUSTAINING ENGINEERING
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WBS WORKSHEET

5000 GROUND TESTS

5100 INSTIUThIENTATION

5200 TEST STAND

5300 GROUND VIBRATION TEST

5400 STATIC ENGINE RUN - INSTALLED

5500 TAXI TESTS

5600 ALTERNATE FUSELAGE SIDEWALL

5700 SUSTAINING ENGINEERING

5800 FORWARD NACELLE 40 x 80 WIND TUNNEL

5900 NACELLE/WING 40 x 80 WIND TUNNEL
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i3S WORKSHEET

6000 FLIGHT TESTS

6100 TEST PLAN

6200 INSTRUMENTATION CHECKOUT

6300 AIRCRAFT ENVELOPE EVALUATION

6400 TEST ENGINE OPERATION

6500 ENGINE TEST ENVELOPE EVALUATION

6600 PERF0NANCE TESTS

6700 ACOUSTIC TESTS

6800 ENVELOPE EXPANSION

6900 FLIGHT TEST DATA
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WBS WORKSHEET

7000 BASELINE FLIGHT TESTS

7100 TEST PLAN

7200 CALIBRATE ENGINES

7300 INSTRUMENTATION

7400 WING PRESSURE SURVEY

7500 CRUISE PERFORMANCE

7600 FLIGHT TEST DATA
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WBS WORKSHEETJ

8000 MAJOR SUBCONTRACTS

9000 PROGRAM MANAGEMENT

9100 PROJECT MANAGEMENT

9200 ADMINISTRATION BUDGET/SCHEDULE

9300 REPORTS - PERIODIC

9400 ORAL REPORTS

9500 INTERIM REPORTS

9600 FINAL & SUMMARY REPORTS

9700 TRAVEL
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WBS WORKSHEET

1000 PRELIMINARY DESIGN

1100 AERO INSTALLATION DESIGN

1101 FORWARD NACELLE

1102 AFT NACELLE

1103 ENGINE INLET

1104	 OIL C00T.1ER INLET

1105 WING LEA)TNG EDGE

1106	 TAIU?I1'E

1107	 AtRCRAFI'

1200 STRUCTURAL LAYOUT

1201 FORWARD NACELLE

1202 AFT NACELLE

1203 WING ATTACH

1204 AIRCRAFT MODIFICATION

1300 INSTALLATION LAYOUT

1310 MOUNTINC SYSTEM POWER/TRAIN

1320 CONTROLS

1330 FUEL SYSTEMS

1340 OIL COOLING SYSTEM

1350 ACCESSORIES

1360 INLET/EXHAUST

1370 SYCHR0P}ASING SYSTEM

1380 EMERGENCY/SAFETY SYSTEMS

1390 PRELIMINARY INSTALLATION SPECIFICATION
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WBS WORKSHEET

1000 PRELIMINARY DESIGN (CONTINUED)

1400 DEVELOPMENT TESTS (PLAN)

1410 HIGH SPEED WIND TUNNEL MODEL

1420 LOW SPEED WIND TUNNEL MODEL

1430 INLET WIND TUNNEL MODEL

1440 LOW SPEED FLUTTER MODEL

1450 ACOUSTIC TREATMENT DEVELOPMENT

1460 ALTERNATE FUSELAGE STRUCTURE

1470 PRELIMINARY DEVEL(IPMENT TEST PLAN

1500 MANUFACTURING (PLAN)

1510 PLANNING

1520 TOOLING

1530 FABRICATION

1540 ASSEMBLY

1550 PRELIMINARY MANUFACTURING PLAN

1600 GROUND TESTS (PLAN)

1610 INSTRUMENTATION DEFINITION

1620 FORWARD NACELLE - QUARTZSITE

1630 AIRCRAFT INSTALLATION - PROOF TEST

1640 AIRCRAFT INSTALLATION GVT

1650 STATIC & TAXI RUNS - ACOUSTIC

1660 DATA REDUCTION AND ANALYSIS
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WBS WORKSILEET

1000 PRELIMINARY DESIGN (CONTINUED)

1600 GROUND TESTS (PLAN) (CONTINUED)

1670 PRELIMINARY GROUND TEST PLAN

1680 FORWARD NACELLE - 40 x 80 WIND TUNNEL

1690 INSTALLATION & WING SECTION - 40 x 80 WIND TUNNEL

1700 FLIGHT TESTS (PLAN)

1710 INSTRUMENTATION DEFINITION

lflO AIRCRAFT ENVELOPE EVALUATION

1730 TEST ENGINE OPERATION

17e0 ENGINE TEST ENVELOPE EVALUATION

1750 ACOUSTIC CONDITION

1760 ENVELOPE EXPANSION

1770 MOVER NOISE

1780 DATA REDUCTION AND ANALYSIS

1790 PRELIMINARY FLIGHT TEST PLAN

1800 PRELIMINARY OESI(N r.EV1E14

1810 NASA APPROVAL
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WI3S WORKSHEET

2000 DEVELOPMENT TESTING

2100 HIGH SPEED WIND TUNNEL MODEL TEST

2110 MODEL CONFIGURATION

2120 MODEL DESIGN

2130 MODEL FABRICATION

2140 MODEL INSTRUMENTATION

2150 TEST PLAN

2160 MODEL TESTS

2170 DATA REDUCTION

2180 DATA ANALYSIS

2190 TEST RE-PORTING

2200 LOW SPEED WIND TUNNEL MODEL TEST

2210 MODEL CONFIGURATION

2220 MODEL DESIGN

2230 MODEL FABRICATION

2240 MODEL INSTRUMENTATION

2250 TEST PLAN

2260 MODEL TESTS

2270 DATA REDUCTION

2280 DATA ANALYSIS

2290 TEST REPORTING
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WBS WORKSHEET

2000 DEVELOPMENT TESTING (CONTINUED)

2300 INLET WIND TUNNEL MODEL TEST

2310 MODEL CONFIGURATION

2320 MODEL DESIGN

2330 MODEL FABRICATION

2340 MODEL INSTRUMENTATION

2350 TEST PLAN

2360 MODEL TESTS

2370 DATA REDUCTION

2380 DATA ANALYSIS

2390 TEST REPORTING

2400 LOW SPEED FLUTTER MODEL TES

2410 MODEL CONFIGURATION

2420 MODEL DESIGN

2430 MODEL FABRICATION

2440 MODEL INSTRUMENTATION

2450 TEST PLAN

2460 MODEL TESTS

2470 DATA REDUCTION

2480 DATA ANALYS13

2490 TEbT REPORTING
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WIIS WORKSHEET

2000 DEVELOPMENT TESTING (CONTINUED)

2500 ACOUSTIC TREATMENT DEVELOPMENT TESTS

2510 BASIC STRUCTURE ANALYSIS

2520 TREATMENT A DESIGN

2530 TEST PLAN

2540 TREATMENT FABRICATION

2550 TREATMENT TESTING

2560 DATA REDUCTION

2570 DATA ANALYSIS

2580 REC01MENDATI0N REPORT

2600 ALTERNATE FUSELAGE STRUCTURE DEVELOPMENT TEST

2610 CONFIGURATION ANALYSIS

2620 TEST SELECTION DESIGN

2630 TEST PLAN

2640 COMPONENT FABRICATION

2650 COMPONENT TESTING

2660 DATA REDUCTION

2670 DATA ANALYSIS

2680 DESIGN RECOMNENDATLON
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WBS WORKSHEET

3000 DETAIL DESIGN

3100 AERODYNAMIC CONFIGURATION

3110 FORWARD NACELLE

3120 AFT NACELLE

3130 ENGINE INLET

3140 OIL COOLER INLET

3150 WING LEADING EDGE

3200 STRUCTURAL

3210 FORWARD NACELLE

3220 AFT NACELLE

3230 WING ATTACH

3240 WING LEADING EDGE

3300 INSTALLATION

3310 MOUNTING SYSTEMS POWER TRAIN

3320 CONTROLS

3330	 FUEL SYSTE1I

3340 OIL COOLING SYSTEM

3350 ACCESSORIES

3360 INLET/EXHAUST

3370 SYNCHROPHASING SYSTEMS

3380 EMERGENCY/SAFETY SYSTEMS

3390	 INSTALLATION SPECIFICATION
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WIIS WORKSHEET

3000	 DETAIL DESIGN (CONTINUED)

3400 AIRCRAFT MODIFICATION

3410 WINO

3411 SPAR & SKIN PANELS

3412 LEADING EDGE

3413 TRAILING EDGE

3414	 SPOILER SYSTEM

3420 FUSELAGE

3421 ACOUSTIC TRATIflNT

3422 ALTERNATE SIDEWALL

3430 CONTROLS & DISPLAYS

3431 COCKPIT

3432 TEST CONSOLE

3433 WING/FUSELAGE

3500 CRITICAL DESIGN REVIEW

3510 NASA APPROVAL
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WBS WORKSHEET

4000	 MANUFACTURING

4100 PLANNING

4110 FORWARD NACELLE

4120 AFT NACELLE

4130 WING MODIFICATION

4140 CONTROL SYSTEMS

4150 FUEL & OIL COOLING SYSTEM

4160 FUSELAGE TREATMENT

4170 INLET/EXHAUST

4180 ACCESSORIES NSTALLATI0N

4190 ALTERNATE FUSELAGE SIDEWALL

4200 TOOLING

4210 FORWARD NACELLE

4220 AFT NACELLE

4230 WING MODIFICATION

4240 CONTROL SYSTEMS

4250 FUEL & OIL COOLING SYSTEM

4260 FUSELAGE TREATMENT

4270 INLET/EXHAUST

4280 ACCESSORIES INSTALLATION

4290 ALTERNATE FUSELAGE SIDEWALL

205



WBS WORKSHEET

4000	 MANUFACTURING (CONTINUED)

4300 FABRICATION

4310 FORWARD NACELLE

4320 AFT NACELLE

4330 WING MODIFICATION

4340 CONTROL SYSTEM

4350 FUEL & OIL COOLING SYSTEM

4360 FUSELAGE TREATMENT

4370 INLET EXHAUST

4380 ACCESSORIES INSTALLATION

4390 ALTERNATE FUSELAGE SIDEWALL

4400 ASSEMBLY

4410 FORWARD NACELLE

4420 AFT NACELLE

4500 AIRCRAFT MODIFICATION

4501 AIRCRAFT AVAI1ABILIT'

4510 WING STRUCTURE

4520 FUEL SYSTEM

4530 SPOILER CONTROL SYSTEMS

4540 WING LEADING EDGE
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WBS WORKSHEET

4000	 MANUFACTURING (CONTINUED)

4600 INSTALLATION

4610 AFT NACELLE

4620 FORWARD NACELLE

4630 PROPULSION SYSTEM

4640 FUEL SYSTEM

4650 CONTROL SYSTEMS

4660 FUSELAGE TREATMENT

4670 INLET/EXHAUST

4680 ACCESSORIES

4690 ALTERNATE FUSELAGE SIDEWALL

4700 SUSTAINING ENGINEERING
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WUS WORKSHEET

5000	 GROUND TESTS

5100 INSTRUMENTATION

5110	 DESIGN

5111 FORWARD NACELLE

5112 AFT NACELLE

5113 WING/FUSELAGE

5120 FABRICATION

5121 FORWARD NACELLE

5122 AFT NACELLE

5123 WING/FUSELAGE

5130 INSTALLATION

5131 FORWARD NACELLE

5132 AFT NACELLE

5133 WING/FUSELAGE

5200 TEST STAND

5210 TEST PLAN

5220 INSTALLATION - SUPPORT FIXTURE FORWARD NACELLE

5221	 DESIGN

522101 TEST STRUCTURE
522102 CONTROLS
522103 FUEL SSTEM

5222 FABRICATION

522201 TEST STRUCTURE
522202 CONTROLS
522203 FUEL SYSTEM

5223 ASSEMBLY TEST STRUCTURE

522301 TEST STRUCTURE
522302 CONTROLS
522303 FUEL SYSTEM
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BS WORKSHEET

5000	 GROUND TESTS (CONTINUED)

5200 TEST STANDS (CONTINUED)

5224 TEST STAND INSTALLATION

522401 TEST STRUCTURE
522402 CONTROLS
522403 FUEL SYSTEM

5230 INSTIUJNENTATICN

5231 DESIGN

5232 FABRICATION

5233 INSTALLATION

524C NACELLE INSTALLATION

5250 EQUIPMENT INSTALLATION

5251 ENGINE - GB - PROP

5252 CONTROLS

5253 FUEL SYSTEM

5254 ACCESSORIES

5260 STARTUP & CHECKOUT

5270 TEST RUNS

5280 DATA REDUCTION & ANALYSIS

5290 TEST REPORT

5300 GROUND VIBRATION TEST

5310 TEST PLAN

5320 TEST SETUP

5321	 DESIGN

5322 FABRICATION

5323 ASSEMBLY
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WBS WORKSHEET

5000	 GROUND TESTS (CONTINUED)

5300 GROUND VIBRATION TEST (CONTINUED)

5330 XNSTRU1ENTATT0N

5331 DESIGN

5332 FABRICATION

5333 INSTRUMENTATION INSTALLATION

5340 AIRCRAFT SETUP

5350 TESTING

5 60 DATA REDUCTION & ANALYSIS

5370 TEST REPORT

5400 STATIC ENGINE RUN - INSTALLED

5410 TEST PLAN

5420 ENGINE STARTUP & CHECKOUT

5430 ENGINE TEST RUNS

5440 ACOUSTIC TEST RUMS

5441 ENGINE RUNUP ACOUSTIC TESTS

5442 CABIN REVERBERATION TESTS

5450 DATA REDUCTION & ANALYSIS

5460 TEST REPORT

5500 TAXI TESTS

5510 TEST PLAN

5520 ENGINE TEST TAXI RUNS

5530 ACOUSTIC TEST TAXI RUNS

5540 DATA REDUCTION

5550 TEST REPORT
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WBS WORKSHEET

5000	 GROUND TESTS (CONTINUED)

5600 ALTERNATE FUSELAGE SIDEWALL

5610 TEST PLAN

5620 1STRUNENTATI0N

5621 DESIGN

5622 FABRICATION

5623 INSTALLATION

5630 GROUND TESTS

5631 STATIC ENGINE RUNS

5632 TAXI RUNS

5640 DATA REDUCTION & ANALYSIS

5650 TEST REPORT

5700 SUSTAINING ENGINEERING
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WBS WORKSHEET

OPTION PROGRAM

5800 FORWARD NACELLE 40 x 80

5810 TEST PLAN

5820 INSTRUMENTATION

5821	 DESIGN

5822 FABRICATION

5823 INSTALLATION

5830 TEST INSTALLATION

5831 DESIGN

5832 FA!3RICATTON

5833 INSTALLATION

5840 NACELLE INSTALLATION

5841 STRUCTURAL

5842 POWER SYSTEM

5843 CONTROLS

5844 FUEL SYSTEM

5850 CHECKOUT & STARTUP

5851 STATIC STARTUP

5852 TUNNEL RUN

5853 CHECKOUT RUN

5860 TEST RUNS

5870 DATA REDUCTION & ANALYSIS

5880 TEST REPORT

5900 NACELLE/WING 40 x 80

5910 TEST PLAN
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14I4S WORI<Si1EET

OPTION PROGRAM

5900	 NACELLE/WING 40 x 80 (CONTINUED)

5920 INSTRUMENTATION

5921	 DESIGN

5922 FABRICATION

5923	 INSTALLATION

5930 TEST INSTALLATION

5931	 DESIGN

5932 FABRICATION

5933 INSTALLATION

5940 TEST WING INSTALLATION

5941 MODIFICATION DESIGN

5942 FABRICATION

5943 WING MODIFICATION

5944	 INSTALLATION

945 AFT NACELLE INSTALLATION

5950 NACELLE INSTALLATION

5951 STRUCTURAL

5952 POWER SYSTEM

5953 CONTROLS

594	 FUEL SYSTEM

5960 CHECKOUT & STARTUP

5961	 sTVrIc STARTUP

5962 TUNNEL RU

5963 CHECKOUT RUN

5970 TEST RUNS

5980 DATA REDUCTION & ANALYSIS

5990 TEST REPORT
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14I3S WORKSHEET

6000 FLIGHT TESTS

6100 TEST PLAN

6110 FLIGHT SAFETY REVIEW BOARD

6120 FIRST FLIGHT

6200 INSTRUMENTATION CHECKOUT

6300 AIRCRAFT ENVELOPE EVALUATION

6310 FLUTTER CHECKS

6320 STABILITY & CONTROL

6330 BUFFET BOUNDARY

6400 TEST ENGINE OPERATION

6410	 INPLIOIIT STARTUP

6420 POWER VARTATIONS

6500 ENGINE TEST ENVELOPE EVALUATION

6510 H1CII SPEED

6520 LOW SPEED

6530 APPROACH CONFIGURATION

6600 PERFORMANCE TESTS

6610 DISK LOADING VARIATION

6620 SPEED VARIATIONS

6700 ACOUSTIC TESTS

6710	 CRUISE CONDITION

6720 LOW SPEED

6730 APPROACH CONFIGURATION
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WESW01SBEET

6000 FLIGHT TESTS (CONTINUED)

6700 ACOUSTIC TESTS (CONTINUED)

6740 FUSELAGE TREATMENT

6741 AIRCRAFT INSTALLATION

6742 INSTRUMENTATION INSTALLATION

6743 GROUND TEST CONDITIONS

6744 FLIGHT TEST CONDITIONS

6750 FLYOVER NOISE MEASUREMENT

6760 ALTERNATE FUSELAGE SIDEWALL

6800 ENVELOPE EXPANSION

6810 ALTITUDE REDUCTION

6820 SPEED VARIATION

6830 POWER VARIATION

6900 FLIGHT TEST DATA

6910 DATA REDUCTION

6911 PROPELLER

6912 POWER TRAIN

6913 AIRCRAFT PERFORMANCE

6914 ACOUSTICS

6920 DATA ANALYSIS

6921 PROPELLER

6922 POWER TRAIN

6923 AIRCRAFT PERFORMANCE

6924 ACOUSTICS
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WBS WORKSHEET

6000 FLIGHT TESTS (CONTINUED)

6900 FLIGHT TEST DATA (CONTINUED)

6930 TEST REPORTS

6931 PROPELLER

6932 POWER TRAIN

6933 AIRCRAFT PER101NANCE

6934 ACOUSTICS

6940 ALTERNATE FUSELAGE SIDEWALL

6941 DATA REDUCTION

6942 DATA ANALYSIS

6943 TEST REPORT

7000 BASELINE FLIGHT TESTS

7100 TEST PLAN

7200 CALIBRATE ENGINES

7300 INSTRUMENTATION (DATA SYSTEM)

7310	 DESI(JN

7320 FABRICATION

7330 INSTALLATION

7400 WING PRESSURE SURVEY

7500 CRUISE PERFORNANCE

7600 FLIGHT TEST DATA

7610 DATA REDUCTION

7620 DATA ANALYSIS

7630 TEST REPORT
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WBS WORKSHEET

8000 MAJOR SUBCONTRACTS

DETROIT DIESEL ALLISON - ENGINE

-. GEARBOX

HAMILTON STANDARD - PROPELLER

- NACELLE

9000 PROGRAM MANAGEMENT

9100 PROJECT MANAGEMENT

9200 ADMINSTRATION BUDGET/SCHEDULE

9300 REPORTING - PERIODIC

9400 ORAL BRIEFINGS

9401 NO 1 ANNUAL

9402 NO. 2 ANNUAL

9403 NO. 3 ANNUAL

9404 NO. 4 ANNUAL

9405 FINAL ORAL

9500 INTERIM RE-PORT

9600 FINAL & SUMMARY REPORT

9700 TRAVEL
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APPENDIX 111

BRIEF DESCRIPTION OF DOUGLAS FLIGHT TEST FACILITIES

PERTINENT TO THE ADVANCED PROP-FAN FLIGHT TEST PROGRAM

Brief excerpts from the Douglas Engineering and Research Technical Facility

Description Handbook are included in Appendix 111. Those general sections

pertinent to the Douglas Advanced Prop-fan Flight Test Program which are

included in Appendix 111 are

•	 Advanced Test Data System

•	 Flight Crew Training Center

•	 Yuma Flight Test Facility

•	 Instrument Landing System - Yuma, Arizona

•	 Precision Aircraft Tracking System - Yuma, Arizona

•	 Flight Safety and Parachute Loft Facility

•	 Ground Support Facilities, Flight and Laboratory Development

•	 Support Shops Flight and Laboratory Testing

•	 Acoustic Test Facilities

•	 Radiation Test Facilities

•	 Automated Graphics System

PRECEDING PAGE BLANK NOT FILMED
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ENGINEERING AND RESEARCH
TECHNICAL FACILITY DESCRIPTION

ADVANCED TEST DATA SYSTEM

The Douglas Flight Test Data System was designed to pro-
vide a new approach to data acquisition, communications,
and processing. To ensure success for the DC-10 Program,
these three elements were developed and integrated simulta-
neously to obtain maximum compatlbility. The resulting
system has performed very well and according to design
specifications. It has been successfully utilized In the
development and certification 01 the DC-10 (Series 10, 30,
and 40, DC-9 and DC-8 commercial aircraft, the A.4N
military attack aircraft and the YC-15 advanced medium
STOI_ transport development and demonstrntlon programs,
and many miscel l aneous laboratory progiams, including
seat election development tests and fuselagu decompression
tests.

Operational Characteristics:

Airborne Data Acquisition System
The airborne data acquisition system was procured in
1968 and 10 of these systems are in use today. The
system uses Pulse Code Modulation PCM) encoding
techniques and contains 400 data channels, 90 chan-
nels recorded at prime sampling rates, 290 channels
recorded at a 10:1 subcom rate, and 20 channels 20:1
at a subcom rate. The prime and subcorn allocations
are made up of 320 analog, 60 digital, and 20
frequency input channels. This prime channel
sampling srate can be controlled in flight from 400 to
10 sarnples per second in 6 stages.

Test information is resolved into a 10-bit data word
for a ±51 1count range. The maximum data stream
ate is 500,000 bits per second. Recording is in a

manchester 1 code (serial) with a maximum tape
packing density of 8333 bits per inch. Telemetry
transmission uses Non Return to Zero (NRZ) —M
code. An IRI( time code generator is integrated in
the system to provide system clock, remote time
displays for the flight-test engineer, clocking puIss to
drive auxiliary equipment, group binary time in the
data stream, and serial Binary Coded Decimal (BCD)
time with a 1—kHz carrier on a separate tape search
track.

The system is given wide flexibility for recording
instrumentation inputs through the use of a signal
conditioning subsystem. This subsystem consists of
an identical processing network for 320 analog input
channels packaged in two 160-channel modules. Each

REVISED NO-MBER 1979
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one provides amplification (gain), zero adjustment,
active filtering, common mode isolation, shunt cafl.
bratlon, and standard Instrumentation excitation
power distribution. All elements except amplifiers
may be bypassed If desired. Transducer bridge,
thermocouple, or other electrical signal inputs of 5
millivolts to 30 volts full-scale can be accepted on any
of these universal analog channels. In addition, the
system will accept pure parallel digital inputs on both
prime and subcorn channels.

In the testing of the relatively small A .4N military
aircraft, a special small airborne data acquisition
system was developed. This Mini System (125 chan-
nels) is a subset 01 the larger 400 Channel System and
was installed in a 150-gallon external store for the
A-4N test project.

Multiplexer Airborne System
This is an advanced airborne acquisition system using
a centr,I programmable controller for the selection
and formatting of the PCM data stream from small
remotely located acquisition units. These remote
multiplexer units are mounted in various areas of the
test aircraft, such as in the wing, engines, the avionics
compartment, the tail section, etc., and connected to
the central controller by a single nable from each
unit. Each remote unit uses large-scale integrated
(LSI) solid-state electronics to produce a very small
size, but reliable package. The cost of installing miles
of wiring and the associated man-hours in a standard
instrumented aircraft are eliminated by this decen-
tralized remote multiplexer acquisition system.
All airborne date systems have a 14-track tape
recorder with 2-MHz bandwidth response at a tape
speed of 120 inches per second. The recorders
operate at any one of six run speeds to match the
selected digital data sampling rates. The PCM data are
recorded on one track and the IRIG B on another,
The magnetic tape, which 1s1 inch wide, has 12 other
tracks for FM or other data recording (Figure ).
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Two Skydrol Test Stands, 30gpm 3prajuu
Two vorkshinds, Skywltch
Two power unit Okvu tractors
Carkto tug, 6-wheel, outfitted with rigging k'vcl senor
Four Skyclrol test stnncls, 50qpni Sprague
Two aircraft movers
Two axle jacks, 00-ton, Malabar
Two We jacks. 60 . ton. San(]or
Cryosliwt unit, for aircraft sUrUI1cj
Trnilor diitu	 40-loot
Trailer, American photo
Tostok, air data
Truck, Ford Skworkcr

Four workstands, BiIIymoro
Power unit, 60-kva diesel
Two Ground Stirtar Units, air portable (MAtA}
WUr waste cart
Level Sensor Rihldout Module, Keartott
A/C unit, 3-ton
A/C unit, 30-ton
Cargo lo1or
Aerostand, 24-Foot

In udthtkui, the cround support operations has ample shop
and electronic equipment to support the everyday opero
t ions.

Support EnoUltios
Two 20,00 .aiIIon fuel tanks
Two 1,600 . aIIon sewage disposal units
Doionlzed water, 31.'30inIon capacity
1 ,00Okvn mi',irium, 1 ,700.kva at 2,0130 amporas,

oItrica transformer to rupply tlio existing facW.
ties

Liquid nitrogen storage area
1$00-çjaflon gasoline supply for ground support

vehicos
Power islands, 440 volts

Telephone Communications
Direct CIi& tielinos an the voice network have been
providccl to give direct access to and from telephone
stations at the Yuma Facility via the DAC Microwave
Link,
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	 TECHNICAL FACILITY DESCRIPTION

Instrument Landing System - Yuma, Arizona
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t,otj*us 4t0R4Fr	 ENGINEERING AND RESEARCH
TECHNICAL FACILITY DESCRIPTIO

Precision Aircraft Tracking System, Yuma, Arizona

Douglas has introduced e Precision Aircraft Tracking
System (PATS) or optical redu was drkpd prrrnly
for aircraft instrument landing system tests, fyoer nora
Ur$tt, and other tasks which terjuire very accurate flight
Path determination,

Opertion1 Characte idc

Duoriq normal operation, the Tracker determines the
azimuth, elevation, 

add range of the arrjet at a sample rate
of 100 rn a or mentt per con I These data are nrc
rorrtda ed via a precision time-ccidetime-code generator, periodically
chocked agent a tune teandard. Theta measurements plot

me of day are available at binary words for data recording
on maqrrenc tape and are directly displayed for immediate
reference, the magoetic tape is Processed or the &LD
Data Center to yield final  date This tystrn ehmmnetet the
need for reduction of data f, hom Photographic or radio
theodolite i''tterrtt

A onyle operator is required lot the acquisitron funcnon
and tracking is automnatrcafly initiated when the target is
rr snon d in the acquisition held An infrared vuioon
uteri 1wacquisition and Provides haze penetration and
sentr rvrty to the infrared laser radiation

The Pr Comm rrr later Tracker consists of or, infrared late
narrin ncr a laser pulse receiver, an infrared television
am ma and IV ci inn u for the operator and a servo -

controlled n nor mount A retroroflector is mounted on
the aircraft to provide. adequate re or i signal to the
Tracker, and to define the tracking point prerrsr'l'' lb
transmitter consists of a 0 eotched, Ha pumped Nd Yag
Laser operating at 100 pps the 1 01 imniorathaton is no
visible  or hazardous to the test aircraft crew,
The Tracker is mounted in a van, as shown i n Figure 1, and
the laser beam s transmitted and received through the
servo-controlled mrrmor, The television c­wrorra receives an
arch tm i mm ye of the target and the swroundmg frki of
V mess

The laser p iA lse receiver generates range data and angle
errors for the servo controlled rmrmom The return of a put
by tile retrureflector automa natty mnmtmates tracking. The
system  th n tricks, a tomatmcefly and no further manual
control or motto mred F irlute 21

System atura

Self containpri motrmle system (auxiliary power urn

requmretj)
I of reed TV u ed for mnrtmrtl acqumsm000
Auto t rack, fro 1000 to 60,000 fee
Azimuth, elevation,  rnge,and little recorded al 1, 10 or

100 samples, seen d
Data recorded on r. mpu tot competede magnetic tape
Precision finse code, referenced to WWV
Solid state 1060 Angstrom laser INtrodynmum Do ed

Yttr mum Atummnum Garnet)
Automatic control of laser power for eye safety
System  performnmtnce

FIGURE 1, LASER VAN

FIGURE 2. SYSTEM BLOCK DIAGRAM

Estimated Accuracy
Target Range

Resolutmorm	 10,000 Ft

Range	 0,5 F I	 X - *3Ft
Azimuth	 0.1 Mmlhra Han	 Y	 'r

Elevation	 102 Mmlhradman	 2	 1:3Ft

FACILITY LOCATI N
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TECHNICAL FACILITY DESCRIPTION

Flight Safety and Parachute Loft Facility
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ENGINEERING AND RESEARCH

TECHNICAL FACILITY DESCRIPTION

Ground Support Facilities, Flight and Laboratory Development

1	 d Laboratory	 t CI 210, maintains

fudaws 31 431 m1picent to the lqh Test H3fflq

Winding 41 u supprotF& LO test functions in ociniunctrorr

won uv4 liq 41 The Wc4oxil suppoi 1

dIl 11t* tow 110111111	 11)	 40 jift: ii a fir aur condiljoneir s

OrlqlllO 111 11<0	 1 1k < WOrkOl	 wo kto gh e11

ffenl all theDonfIgles 
last 010I1 1110*11 unklary and

301* aml ol wO < 1 tamp pirodw"on 001 o ft The

3 1033003 030 o fmodws "xlode JI xhumfisnalmn and <4110 00

bui (Ilo A* oq 41, C "go < v ice Lalro r,fo o Whee1

10131 Tire Shop, o Go, 014 ;0000r 1 EfTuipmefn Repair;ho*

and 031 1334 110 1*30<3

Operational Characteristics:

Buddirnig 4

The; WhIng, onl 1130<3 11400 sfymie fo	 11*1011

to	 10 <3* Me <<On	 1*03 wealuired

*0 3033<3 t<* the '*°<3 su 1po1 <0*030< *0 <3*0
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3l1313100311 <360 13<04011 In	 333 03)1011 10 1011

(1 o1100 1

FIGURE 1 BUILDING 45
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Installation of lost equipment.

Quick engine cliara buiIcI .up and replacement.

Installation and replacement of the LluxiIiary
power unit (APU.

Installation and maintenance of nose cowl inlets.

Perform internal inspection of engines (Boro-
s copo).

Maintenance of thrust reversers.

Preservation of ongines.

Rocciving and shipping of all F&LD ongines and
engine components.

Maintain current Inventory and status of engines.
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FIGURE 2, MODEL SHOP

DOUL 4ACR4*FT CO*V ENGINEERING AND RESEARCH
cow	 TECHNICAL FACILITY DESCRIPTION

SUPPORT SHOPS, FLIGHT AND LABORATORY TESTING
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FIGURE MACHINE HOP
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craft 4	 1.and airframe ritur 	 1h8 pro-
cedure is, used to 4atisfy 1 types of environaVintal
Wt Pre equ ilites tuth as 9h and low temperatures.
hw1g 4er ro Aibi tityj ndt np	 ut' compensation,
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FIGURE 2. SONIC FATIGUE FACILITY

noise spectrum and level. Discrete frequency, beadb.nd

random, and cornbtnahons of Itlew excitations con be
produced. Testing at sound prssurs levels substanta41y
greater than those encountered in service con uncover

structural dficienIés in a retarve4V shot period of
tmie.

Resistancit *0 n0HTai f*OW ift fUfldnflt& pdldtfl8tlt

describing I ojs, acousticallytIIrptive :hnrng material

used to suppress noise in many aircraft installations) is

measured at various velocities in the Flow Restaflce
Friity shown in Fique 3. The oquipmeni cunsists of

FIGURE 3. FLOW RESISTANCE FACILITY
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	 ENGINEERING AND RESEARCH

TECHNICAL FACILITY DESCRIPTION

ORIGINAL PAG
BLACK AND WHITE PHOTOGRAPH

ACOUSTIC TEST FACILITIES

The Acoustic Test Factiltim prow. a for the invesI,gtion of

mowielo, a;mhIjps and stbsystrms primarily related t

J41)u%1scaI duct I,n,nqs, aircraft quipmn1 noise, at'l
reji,tencl at si,cih trucIue *0 wnc fadque, and
.pecaIiiod feciht,s for studying the qerwaton and su
presIiOn 

of 
rim. A major *81* f6s1,y foir arouS(1Cs, The

An.' ho.. Acouslic Test Facility • FISPqundo is ,1W.(f hi.

in •,	 ..f.• ..

The.• ................................................ ,. 	 li............

panels In acotmic and t'cIrhIriic •fl'iIO . lIV%tflf (lI,

those in jot eqi've IflIft and exhaust ducts) are nactiriiI in

the Duct Transmission : Loss Fcdi!y shown in Figi,r. 1 A

rectangular toll duct is rnoiifltetl t*tween two reverberant

The It'nqth of the test panels !Ii moiiflt ptl  in
ItItVVdIk of this ;hit.t Ift4i the duct width INI can be

wtecred In attain varsous 1H fatios. The thtit-t,on of one

if the chambers canbe either with 04 ij.ns* . specified

ôirfluw hip to Mach 0.71 10 *IrnuIa!e "in exhaust ducts

or inlet*. Sound pf&utø M; in each chamber are

.inaty,'J to detwinine the 	 loss due to 1ht

presence of the t.st

FIGURE 1. DUCT TRANSMISSION LOSS FACILITY

.1	 •	 .1'	 •.••	 •:1.,	 ..,.•.i........ . 1••..

.1' •lvII Orin p .' ; l. 1 .. .l$1.'! r'l,,t,.' m the

Sontt F at.4... • Facibtv iFigure2. A fL_ wwator withan
,'L,onen(saI horn is tactwt1 to a rectangular

Si' Tube (PT) containing .1 test seclion and '!
ohsorpIve 

I
levni.iia,or section. As the acoustic waves ty:

the Ienqth of ths tijt,t, they grate the test pvvl which
mounted to one side of-the I Pyfl exciting ....$ specified

F.EVISfD NO tJI*B(M 1979
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ILACK AND w;it

iirfkw controls,mntn and pwrotperit,e
m$Vun*nft Mthout aman 1rnpIe we usually tested,
tkwresistant* can be mewr.4 for spctficstion campb
a%e dv"s of art shtti to be ow i" fabricating
tuti parts.

The mp*dnce and absorption of aoui.cI materials are
dtetmned in the Standing Wave Apparatus (F igure 4
which consists of A selection of tubes vd4p4ks with
hoin attachnionit,and a probe mictophone which traverses
the length of the tube axis. The cMrctenutc* of the
standing we pattern te relative to tourd pressure levels
and &cousii mod1antInxlocations) produced from
normally incident soundc at ieIectJ discrete frequency and
sound pr*sure level we determined from probe micro.
phone (iota.

Tt*ce data are input to a digital computer to calculate the
rval and reactive components of the complex acoustic
mpethusce and the normal incidence absof 	 coftcu,

FIGURE 4. STANDING WAVE APPAfA(Uj

For flyvnr noise recording wid other tests at remote
the Acoutbes and Vibration Van qie 5 h

been equipped with multichannel recording capability. A
self-contained electrical power system supplies e complete
omp1ernent of test and support equipment including signal

conditioning and monitoring IWm5 In addition, there is a
very high fregueny (VHF) transcee a receiver for time
code signat adio telephone, song-line remote microphone
wstm,	 lhraori equipment, and a graphir level r-

corder, M currently configured, the van carries up to 11
ong.bne microphone stations which can be deployed to
distances of 1OOOO feet or more. In adthton, for mote

tr% where theuse M kwt cjbjes
self-contained remotetycontcofled noise-recording systems
we available.

ti

FIGURE 5. ACOUSTICS AND VWRATION VAN

Noa data PrOMMing it c0nducted using th# facilities of the
Acousitics and Vibration Data Center Fiqure 6L The Date
Center is equipped with a number of mutp1e..than#'eI and
flhann& niagnot, ic Systems and a variety of data

Processing ySt,ms, Data y$tems nctuda: (11 computer.
controlled audio filter system with 1f3octivband parallel
outputs onto digital tapefor subsequent jwgosclijis cam
puts procesing: (2) 1urownd spectrum analyzers with
variable averaging: (3) computer-controlled processing sys
teni for pa*redsigna1 analysis in both time and frequeny
domns using Fourier Transform methods with graphical
and tabular output capabilities,, and (4) statistical pro.
cessos with Probability and correlation output modes. In
addition, multichannel strip chart recorders and necessary
periphotal ennt such as time code, signal conditioning
and aud io output subsystems are incorporated.

1

FIGURE 6. ACOUSTICS AND VIBRATION DATA
CENTER

Systems developed by Douglas for acoustical data ecqui.
sition mekide th p for spe4a$,zed flyover noise testing to
the stnthuch of Pitt 36 of the US, Federal Aviation
Regulations and Annex 18 of theInternational Civil
Aviation Orgnzatian,
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Operational Characteristics:

Duct Transmission Loss Facility

Maximum Specimen Size:
Width - 8 inches
Length - 48 Inches
Thickness - 4 inches

Duct Cross Section,
Height - 10.375 inches
Width variable from 2 to 11 inches

/H Ratio: 0 to 24
Mach Number: 0 to 0.7

Reverberation Chambers (inlet and exhaust}:
4,2 by 5.2 by 6.5 foot high with 35. by 40-inch-high
access door

Noise Source:	 Line EPT-200 and Airjets
(see Noise Generutors

Sonic Fatigue Facility

Maximum Specimen Size:
20.25 by 27.00 inches long (small window)
50.0 by 60.0 inches long (large window)
60,0 by 70,0 inches long (door)

Progressive Wave Tube, Cross Section:
12.45 by 62.25 inches high
Noise Source: Noraircoust MK VI  and
Ling EPT.200 (sea Noise Generators

Flow Rnsistanco Facility

Maximun.	 en Size: 1,2 by 2.4 meters;
0.8 meter thick
Velocity: 0.70 to 10.0 meters/second througha 0.1-meter
diameter test area
Flow Resistance: 50 to 10,000 mks Rays

Standing Wave Apparatus

Maximum Specimen Size:
10 cm diameter for 90 to 1,800 Hz
3 cm diameter for 800 to 6,500 Hz
1,5 cm diameter for 5,000 to 10,000 Hz

Normally Incident Sound:
90- to 155-dB sound pressure level at 113-octave-band
center frequencies of 400 to 10,000 Hz

Standing Wave Ratio: 45 dB

NtIso Generators,

Noraircoustic M1( VI 1:
Electrohydrau Ile
200,000 acoustic watts
Random frequency range: 40 to 10,000 Hz
Up (0 172 dB in Sonic Fatigue Facility

Ling EPT-20'
Eleetropne. iiatic
10,000 acoustic watts
Sinusaidal frequency range: 40 to 1,250 Hz
Random frequency range: 40 to 10,000 Hz
Up to 168 dB in So,ic Fatigue Facility

Maximum air supply: 7,100 scfm (9 pounds/second)
Combined 250 and 300 psin systems
Reference Pneumatic Test Facilities, Section 217-003

Applications:

The Acoustic Test Facilities are actively utilized in oxper•
muntal research on sources and affects of sound as rolated
to the products produced by Douglas,

The following are some of the more specific programs that
are being investigated:

Fan duct noise propagation and absorption
APU inlet/exhaust muffler
Fan duct design
SIcJewaII transmission loss
Environmental control system and component noise
Aircraft equipment noise control
Psychoacoustics studios
Jet noise suppression
Propulsive lift system noise
Panel absorption
Fan noise source definition and suppression
Panel acoustic loads and stress
Near-Field noise measurements
Airport noise surveys
Factory noise surveys
Community noise surveys
Flyover noise surveys

Instrumontation:

A Iage assortment of condenser microphones of 1 ., 1/2',
114, and 1/8-inch diameters, both pressure and free-field
types, are maintainted, In addition, high.frequoncy.
response pressure transducers with pressure rakes are

REVISED NOVEMBER 1979
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RADIATION TEST FACILITIES
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AUTOMATED GRAP141CS SYSTEM

The Automa terl Go aphics	 rim tu	 y
( F igure 1) for producing graphics from digitalddt •

r,onvort ing grao ics to digitaldata, using a Gerber FIlt*d
Plotter (an X Y coordin

a
te Positioning device) or j Vftec

Electfostatic Plotte r connec t0d 10 d
trotter, These systems op

e
rate horn xi- line telocorrimunica-

iioni with an tI3M 3033 syOvrm

Power

while tiaviq the napolsility to	 iM support u
tf ee w i th 10fl1H0 and Mant i lxtutiinq.

FIGURE 2 VERSATEcHPLOIrmR:

FIGURE 1. AUTOMAT I C GHAPHCS PLOT T I NG ROOM

The 	 t (DMS) is an elerrient

of d distributed proc*ssinq-system that provi
des

data
st1t(Je. rTHn CJ 1.11 (.CSSUJ WViCeS to SySteni
netwntyks. Other elements in the ne twork may beproqram

c1raffi ng systenis f L	 * 4.

2075 and 4477) , remote	 cak uximput ing systems , or
additi onai D

GraPhiCsn(106nq &awiings, Pa tterns geametr ic
den for stencils or artwork, data plois, etc.) up to  by
16 feet are created by d*gnen us ing computer proçprann

or cathode ray tubes, This n QrnaI on is then trari	 t
to	 r Versahic foi pl otting, FGu 2 mid

Di gital data larea and wesht calculat ions, trace for drawing

MitneriVOI!CWIVOI (W-V 14*, 
flight 

path

stodias, or any applicatiorri reQui r ing tlrC ta from
Graphics) are obtained by utilizat ion t the automat ic sne
follower to convert graphics to digi tal format.

The facility consists of three systems, which provide support

for Acoust ics, Aedy&nic F ligh t 'Test, Interiors,

NOVEA48ER 19,10

Z43

F I GURE 3 SYSTEM ILLUSTRAVON

Operational Chatsttci:

Garbrfted

4t}P Se (Usable area)
5: by 16 Feet (With Vertical Ti lt ing
5 by 16	 (H igh Sneed Nun*ncj)
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Madrnurn Drafting Speed
500 Inchos/Mlnuto (2075 System)
2800 Inchos/Mlnutn (4477 System)

Maximum Digitizing Speed
180 Inchos/Mlnute (2075 System)

Output Head
Wet Pon, Ballpoint Pen, FIbertlp Pen, Scrlbe, Stencil
Cutter

Plotting Media
Paper, Valium, Mylar, Scrlbacoat, Rubyllth, Stencil
material

Accuracy (Drafting)
(±} 0,004 Inch (Overall)

Resolution (Drafting)
(±) 0.0005 Inch

Repeatability (Drafting)
(± 0.002 Inch

Telecommunication Speed
4800/9600 Baud

Paper Tape Reader Speed
300 CPS

Paper Tape Punch Speed
120 CPS

Varsatec Electrostatic

Plot Size (Usable Area)
35.194

LIrnitod only by size of paper roll (5(1 0 feet)

Plotting Speed
1584 Square lnchos/Minute

Plotting Media
Bond or translucent paper

Accuracy
(±) 0.2 percent of 0.015 maximum accumulated error
(adjustable In X axis by software)

Resolution
(±) 0.005

Applications

The Automated Graphics System provides graphics or digi-
tal date output for the following:

Engineering layouts and production drawings are created or

REVISED NOVEMBER 1979
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mod if Iad using conipu tor.aldod design drafting (CADD),
Data Coded Geometrical Operation (DACGO) program sub-
routines, automatic programmed tool (APT), Fortran or
Gerber iniguago and transmitted via telecommunication
lines to the plotting systems.

Area and weight calculations, flight path studios, or any
application where numeric data are required from Graphics
and are obtained by operating the Gerber plotters In the
digitizing made. Also, by utilizing a cutter offset routine,
the digitizing program will provide, in N/C machine tool
formal, data for use in preparation of N/C tapes.

Producing paint stencils for exterior aircraft markings Is
accomplished by programming In Gerber or taking marking
artwork (custoinerfurnlshed or Dougias•doslgnod) and pho-
tographing to desired scale, utilizing optl .copy camera. The
shape defined on photoprint Is digitized for digital data
mnved to a CADD access data storage area where additional
shape definition Is added and a hardcopy file is produced
which can be plotted on stencil stock.

Aerodynamic and Power Plant performance graphs and
Acoustic contour curves are derived from theoretical, wind
tunnel test models, flight test aircraft, etc., and processed
by programs for (Iota to be transmitted via toiocomrnunlca-
tion lines to the Gerber or Vorsatec for plotting.

N/C tape verifications.

Stress analysis diagrams.

Mechanism motion study drawings.

Geodetic survey (tract, topographical, etc.).

Geometric patterns for interior ceiling and side panels.

N/C tapes for automatic drilling and wire wrapping
machine.

Assocbntod Equipment

Gerber Optical line following with line lack-on capability to
allow operator to digitize "hands off" mode.

Camera and TV monitor to allow the operator a "follower's
eye view" of the graphics being digitized.

ASR-33 teletype unit for machine control and i/O opera-
tion.

Adds 520 console for machine control I/O operation and
data manipulation.

High-speed paper tape punch for output of EPA (Electronic
Industries Association) or ASCII (American Standard Code

220-003-2



for Information Interchange) data on punched paper tape.

Tektronix 4014 CRT storage tube for previewing data prior
to plot.

Tektronix 4631 hard copy unit,

4954 graphics tablet tor fast-digitizing or free-hand graphics
(34 by 42 inches).

DTC 332 time-sharing terminal for data management.

Minicomputer Controllers
Honeywell DDP•516 Eight K Memory
Hewlett-Packard 2108 Sixteen K Memory
Hewlett-Packard 2112 Eighty K Memory
lntordata 180 .4 Sixty-Four K Memory

Disk Drives
Hewlett-Packard 7900A Five Megabytes
CDC 9762 Eighty Megabytes
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